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ABSTRACT "
: a

The purpose of this report is ‘to provide dafa, methods, and results of

preclosure rad1olog1ca1 calculations to support salt site evaluat1ons on the !
basis of the U.S. Department of Energy's Siting Guidelines. The data and

. methods portions are of sufficient detail to enable independent analyses of

the conditions specified. The results are presented for easy comparison w1th
pertinent radiological regulations.

The regulations applicable to this d1scuss1on are found in 10 CFR

) Part 60, which defers to 10 CFR .urt 20, and in 40 CFR Part 191, which defers

to 40 CFR Part 190. These regulations cover both offsite radionuclide

concentrations and doses. The comparisons required by the DOE guidelines

include 10 CFR Part 20 concentrations and 40 CFR Part 191 (mayisum exposed

individual) doses. To lend further insight into the radiological impacts of ¢
the presence of a high-level nuclear waste repository at a specific location, ° E

 the population doses associated with the 40 CFR Part 190 analyses and accident

doses also have been includedl”

A11 concentrations and doses are found to be well below applicable
standards. '

vy

o

“ . =l




a

2

3
4
5
6

v

TABLE OF CONTENTS

INTRODUCTION. s seeesnnunanenseeooosaoscseoasosssocacssonnsessanascsses
ADHERENCE TO REGULATIONS. . ssvsveveeceroccasssecnnnossssnssnsonnsones
2.1 10 CFR ANALYSIS.uuuteereeteeonocnanoeonsenonsaensscseennannanns
2.2,1 40 CFR Introduction.eeeseeeseeensensosessncscessonnnonsse
2.2.2 40 CFR ANAlYSiSiseenneeerreencasesoeencosoosstossnonssns

<

ACCIDENT CALCULATIONS..uuvuuurereuniipeossniessonarsansnennsnnannonss
SUMMARY AND CONCLUSIONS..evuuererernssssonscncncncannas cererenecnne
REFERENCES . ¢4t vttueneeteeneenennenuessncserssosessnsosacsoasonnnsss
REGULATIONS 4uiuneneuenneeeaenennnnasssssnssnononcesonsocsonconnoss

‘APPENDIX A DOE REVISIONS TO GENERAL GUIDELINES FOR RECOMMENDATION
OF SITES FOR NUCLEAR WASTE REPOSITORIES suvvvveveceronncess

Summary of the Revisions to the Siting Giidelines «eeees.
Index of DOE Responses to NRC Pre11m1nary

Concurrence CONditions veveseseeeseeeecensanss ceeesens .

~ Summary of the Revisions to Subpart A ciiiiieiiinrenneses

Subpart A - General Provisions .....t,.............ﬂ.....

Y

Summary of bebosed Revisions to Subpari R ....u...\.....

Subpart B - Implementation GUIETINES vevvrnerennnash. .
Summary of the Revisions to SUBPArt € wevevevseevevenssn.
Subpart C - Postclosure Guidelines .i.eviiveneineonsn. ves
. Sumbary of the Revisions to Subpart D ........cevvenennns
Ve Subpaft D - Preclosure GUidelines vveveeeeeennseees cedens
o Summary of the Additions to the Appendices .....ecee... e
S Appendix I. NRC and EPA Requirements for

Pbsﬁplosure Repository Performance ................ cerene

Appendix 1I. NRC and EPA Requirements for o
Prec]osure Repository Performance “..... iesserens O

Append1x 111, Application of the System and Technical

Guidelines During the Siting Process .veeeeerrecencenss ‘

Appendix IV. Types of Information for the Nomination
of Sites as Suitable for Characterization ....... SN

APPENDIX B DEVELOPING RADIONUCLIDE EMISSION RATES .......; ........ eoe

D)

&
{21
O 0 O N N - [+]

29
36
37
40

41
45

101
115

117

119

120

- 123

131



2-10
2-11

2-1

2-3

2-4

2-6

vi

LIST OF TABLES

Construction Radionuclide EmissionS.eeeeeescececnssreosacossnnces
Operational Radionuclide EMiSSiONS.veectiesescceccossavocssocnnass
10 CFR Part 20 Comparison at Top of Stackeeseeeesseserecssnoeaees
Atmospheric Stability Class Frequency DiStribUtIONSsseseeneseeess
Calculated X/Q Values for Normal ConditionS..eeeeseesccccosascoss

Palo Duro Pathway INput Dat@.eeeessseseeessessenesosoonsensoonses

Paradox Pathway Input Data.eeeeeseeeeeeeeovoesessosssooansrocasss
Gulf Coast Domes Pathway INPUt Dataseeeessesccsooeoseorocesennsss
Inhalation Dose FACLOFS.s.vessssestssnntsoenernerersneennsoanenns
Air’ SUBMErSTOn DOSE FACOrS.sesesesssvenseoceoeososnensnnnnes cees
Doses for Normal Preclosure ConditionS..civesereeesiocecesossons .

A

Calculated X/Q Values for Accident ConditionS..cevevveveceoveeenes
Releases From Shaft Drop of CHLW.evveevesovsencanosss cesessraseas
Releases From Shaft Drop of Spent Fuel..ieeeeevervrvecoonesoconns
Releases From Spent Fuel Handling Accident....... Ceresevesntsnnas
Releases From Remote-Handled TRU AcCident...eeesevsereseeonenenes
Releases From Contact-Handled TRU Accident......ieveesenasneenes,
Accident Dose ComparisonS..ieeeecessoscscococsans tiecens Cerevenae
Critical Nuclides in Accident ReleaseSiuiuissvssesrvsvecsossonvenes

»

LIST OF FIGURES

Deaf Smith County Site Population Distribution.............. ceees
Swisher County Site Population Distribution......... Cererireeaas .
 Utah Sites Population Distribution.ceeeeierecernineneees censens o
Richton Dome Site Population Distribution.c.ceieiivieeercvenenen.
Cypress Creek Dome Site Population Distribution....eeceveeveonsss
Vacherie Dome Site Population Distributicn,...... Cereetnscennans .

. . @

10
10
12
13
15
18
19
28
30
30
31
31
32
33
34

21

22

23
24
25
26

cfy



)

"1 INTRODUCTION

The purpose of this report is to provide data, methods, and results of
preclosure radiological calculations to support salt site evaluations. The
data and methods portion should be of sufficient detail to enable an indepen-
dent analysis of the conditions specified. The results portion should be of
sufficient clarity and appropriateness to enable a judgment to be easily made
concerning a repositofy's compliance or noncompliance with radiological regu-
lations. The scope of regulations necessarily addressed includes any that
pertain to radiological materials in the environment during the prec]osure
phase, whether promulgated by the U.S. Environmental Protection Agency (EPA)
or by the U.S. Nuclear Regulatory Commission (NRC). Some results that are not
addressed explicitly in the existing regulations but which prov1de additional
insight into the radiological impacts of a repository in the prec]osure phase
are also included. Examples of these are population doses and doses from
accidental releases. ‘ '

These assessments have been made fq_contribute to the data available for
nominating three salt sites from the set of seven as defined in the "Nuclear
Waste Po]icy Act of 1982" and the DOE Guidelines, which are under concurrent
development (see Appendix A).
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2 ADHERENCE TO REGULATIONS

Section 960.5-1(a){(1) of U.S. Department of Energy's (DOE) draft "General
Guidelines for Recommendation of Sites for Nuclear Waste Repositories"(1)
addresses the preclosure radiological safety aspects of systems guidelines.

- Here it is stated: "Any projected radiological exposures of the general public

and any projected r :ieases of radioactive materials to restricted and

" unrestricted areas during repository operation and closure shall meet the

applicable safety requirements set forth in 10 CFR Part 20(2), 10 CFR Part
60(3); and 40 CFR Part 191(4), Subpart A (see Appendix B of this Part)."

The phases of the repository specifically addressed here are construction
and operation. The closure phase, the analysis of which is also require: by
the Guidelines, is not addressed explicitly because documentation of all
previous decommissioning studies indicates that the radioactive emissions
during decommissioning can be controlled to levels far below those during the
operational period(5). For instance, it has been estimated(6) that during the
complete dismantling of a 1,175 MH(e) pressurized water reactor (PWR), only
85 uCi of radicactive materials would be released to the environment.
Examination of limited decontamination activities in a képository indicates
that this situation will also be the case with the decommissioning of a
repository.

2.1 10 CFR ANALYSIS

Deé]ing first with the U.S. Nuclear Regulatory Commission (NRC) portion

U'of these requirements, 10 CFR Part 60(3) sets no new radiological limits, but

rather references 10 CFR Part 20(2), Part 60 states, "The geologic repository
operations area shall be designed so that until permanent closure has been
completed, radiation exposures ‘and radiation levels, and releases of ,
radioactive materials to unrestricted areas, will at all times be maintained
within the'limits specified n Part 20 of this chapter...."(3)

Sections 20.105 and 20.106 of 10 CFR Part 20 contain NRC's numerical
limits for radiation and radicactivity in unrestricted areas. The former,
entitled "Permissible Levels of Radiation in Unrestricted Areas", states
"There may be jncluded in any application for a license or for amendment of a
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license proposed limits upon levels of radiation in unrestricted areas
resulting from the applicant's possession or use of radioactive material and
other sources of radiation. Such applitations should include information as
to anticipated average radiation levels and anticipated occupancy times for
each unrestricted area involved. The Commission will approve the proposed

. limits if the applicant demonstrates that the proposed limits are not likely

to cause any individual to receive a dose to the whole body in any period of
one calendar year in excess of 0.5 rem." :

Section 20.106, entitled “quioactivity in Effluents to Unrestricted
Areas", states "A licensee shall not possess, use, or transfer licensed mate-

rial so as to release to an unrestricted area radioactive material in concen-
_ trations which exceed the limits specified in Appendix B, Table II of this

part, except as authorized pursuant to § 20.302 or paragraph (b) of this sec-
tion. For purposes of this section, concentrat1ons may be averaged over a
period not greater than one year." The numerical 1imits included in this
table are for maximum permissible concentrations (MPC) and are listed for the
specific nuclides of interest later in this section where the analyses are

.discussed.

Since external radiation fields emanating from the repository facilities
are expected to be infinitesimal in unrestricted areas, the analysis of com-
pliance with provisions of 10 CFR Part 20 entails only the radionuclide con-
centrations released during facility operations compared to the appropriate
concentration limits. Two options are given in Section 20.106 (d) for calcu-
lating the facility-contributed concentrations to be compared with the concen-

tration limits. This section states, "For the purposes of this section the

concentration Timits in Appendix B, Table II of this part shall apply at the
boundary of the restricted area. The concentration ot radioactive material
discharged through a stack, pipe or similar conduit may be determined with

. respect to the point where the material leaves the conduit. If the conduit

discharges within the restricted area, the concentration at the boundary may
be determined by app]ying appropriate factors for dilution, dispersion, or

" decay between the point of dischargé and the boundary." No credit for

atmospheric dispersion is necessa#y to demonstrate compliance here.
The concentrations at the top of the stack are calculated, by d1v1d1ng the
ant1c1pated radionuclide release rates by the volume of air be1ng released

y
Z

Y
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“from the stack per unit of time. Calculating the concentrations at a point in
the environment, be it the site boundary or some other point, as will be
necessary in the subsequently discussed 40 CFR Part 191 calculations, involves
the use of the site-specific dilution-and dispersion factors referred to in
10 CFR 20.106(d), as well as the anticipated radionuclide release rates {source
term) from.the repository.

~ The calculation of radionuclide concentrations at the top of the stack b

involves no site-specific data, but rather only generic facility characteris- ﬁ
tics, assumed to be the same for all sites. The calculations presented here
assume that, for the operational phase of the repository, a small percentage

of the received spent fuel elements have been damaged during transportation

and that perhaps some of the drummed wastes will arrive in leaky condition.
(See Appendix B.) These conditions are reflected in the operational source
term, Credit is taken for the fact that all gases released ﬂ\om surface
facilities will vent through high-efficiency particulate and charcoal filters,

. trapping essentially all of the released particulates and 99 percent of the
released jodine. (See Appendix B.) '

The radionuclides anticipated to be released during construction, before

waste arrives, and during operation are shown in Tables 2-1 and 2-2,
respectively. (See Appendix B.) ' All radionuclides released during

:“\ construction consist of naturally occurring radon and its decay products.
/ . . e ..
e Table 2-1. Construction Radionuclide Emissions
[}
Total ~Release Rate,
Radionuclide . Release, Ci f/ Ci/Sec
d {
g W
Rn-220 7.4 x 1073 -0 2,9 x 1011
) Rn-222 1.0 x 10'?ﬂ 4.0 x 10711
Pb-210 8.8 x 107] 3.5 x 10715
Pb-212 1.1 x 105 4,4 x 10714
Pb-214 1.0 x 1072 4.0 x 10711
x 10711

Bi-210 1.0 x'1072 4.0
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DOE/ET-0028(7), Figure 7.4.18, shows a mining period of 8 years. Thus,

the total emissions from mining 35 million metric tons of salt over the 8- year

period are as shown in Table 2-1,

These emission estimates could be revised to correspond to the currently

I\

planned excavation amounts, but given that current estimates for'mined salt
are not s1gn1f1cant1y d1fferent (24 to 27 'MMT), that the emission estimates

are coarse, and that the impacts of the revisions would be 1ns1gn1f1cant the

values in Table 2-1 are proposed as upper limits.

It can be assumed that the emission rate of construction-related radio-
nuclides will continue relatively unchanged during the operational period.
Therefore™iF only spent fuel is being handled, the, total operational release
is the sum of the "construction" and "operation" source terms. If only high-
level waste is being handled, then the total "operat1ona1" re]ease is that

represented by the “construction" ‘sources terms.

Table 2-2, Operational Radionuclide Emissions
[s)
Annual - - Release Rate,
Radionuclide Release, Cj - Ci/Sec
H-3 3.0 x 1072 9.5 x 10710
o oc-u4 24 x 1074 7.6 x 10712
. Kr-85 1.8 x 10%1 5.7 x 1077
9.5 x 10-13

1-129 3.0 x 10-5

Operational releases as those shown in Table 2-2 can arise because of the

possibility of pin rupture in the transportation cask.

In the reference the

releases from each failed fuel pin are assumed to occur over & 2- -day
period.(8) However, for re]ease of this type and frequency, 10 CFR 20.106(a)
permits averaging over a year (2) However, it is difficult to analyze pin
failure because there have been no observed transportation-related ruptures.
In statistics collected at Savannah River Plant (and presented in
DOE/ET-0054(8), page v-16), it was stated" that 1,200 casks containing 25

N
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(if L
assemblies each were transported without pin failures. Frem this it can be

shown with 95 percent confidence that the probabi]1ty of at least oné pin
failure in an assembly is lass than 0,01 percent. The report then deduced
that the probabi]ityjof a pin failure was no greater than 0.0ltpercent per pin
shipped. .

The number of pins shipped, although unreported, had. to be at least 1.92
million (on an 8 x 8 array) and could have been 8. 67 m1111on (on a 17 x 17
array). Using the lower number, one can state with 95 percent confidence that
the pin failure rate is less than 2 per million.

The DOE/NE-0017/2(2) reports that there will be‘as many as 582,684 (2, 016

shipments/year times 17 x 17) pressurized water reactor (PHWR) p1ns sh1pped per
year. In addition, there will be boiling water reactor (BWR) pins

equivalent in mass to 61 percent (570 metric tons uranium, [MTU]/930 MTU) of

_ the PWR pins. Therefore, there may be as many as 940,000 pins shipped‘per‘
years (approximately 1 m1]11on)

If the pin failure rate is 2 per million, and.l m1111on pins per year
are shipped, then using Poisson statistics one can expect that there is more
- than 99 percent probab1]1ty of no more than six failures in a year.

The generic engineering descriptions used for this analysis indicate that
the construction-related radionuclides,will be diluted in 964,000 cubic feet
per minute (4.55 x 108 cubic centimeters per second) and oparation-related
radionuclides in 298,000 cubic feet per minute (1.41 x 108 cubic centimeters
per second). (10) ’

The phenomenon being characterized in these calculations is the dilution
of thé radionuclides being released in the ventilation exhaust air being
expelled from the top of the stack during the construct1on‘and operational
phases of the repository. Dividing the release rates of Rn-220, Rn-222, Pb-
210, Pb-212, Pb-214, and Bi-210 in uCi per second by the construction phase -
ventilation exhaust rate in cubic centimeters per second yields the concentra-
tion of each radionuclide at the top of the stack. Likewise, dividing the
release rates of H-3, C-14, Kr-85, and 1-129 by the exhaust rate value yields
the appropriate concentrations for comparison with the 10 CFR limits. These
concentrations are given in Table 2-3. Also given for comparison are.the
10 CFR Part 20 Appendix B, Table II permissible concentration limits.

ol
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Table 2-3. 10 CFR Paft 20 Comparison at Top of Stack

Emission.Rate, LT
. uCi/sec - - Conc uCi/cm3 - MPC uCi/cm3 Conc/MPC
Construction ' &

‘Rn-220, - 2.9 x 1075 C6.4x 10714 14 1078 6 x 1076
Rn-222 4.0 x lb'% J 8.8 x 10-14 3 x 10-9 3% 1075
Pb-210 3.5 x:1079 7.7 x 10718 4 x 10712 2 x 1076
Pb-212 4.4 x 1078 -9 7x10717 5 x 100000 2 x 1077

 Pb-214 4,0 x 1075 8.8 x 10714 2 x 1078 4 x 1076
Bi-210 4.0 x 1075 8.8'x 10714 2 x 10710 4 x 1074

= PR
Total 4 x\10‘4
Oéérafibn '
H-3 9.5 x 1074 6.7x 10712 2 x 107 3 x 1075
c-14 - 7.6 x 1076 5.4 x 10714 1 x 1077 5 x 1077
Kr-85 5.7 x 1071 4.0 x 1079 3 x 1077 1 x 1072
I-129 9.5 x 1077 6.7 x 10~15 2 x 10711 3.x 1074

Nl

Total 1x 10°2




Hhére multiple radionuclides are involved in an effluent stream, compliance of
that waste stream is determined by comparing with unity the summation of the
concentration of each nuclide divided by its MPC, over all radionuclides.
That is 3 SO < 1.(2) The results of these calculations are also shown in
Table 2- 3 for construct1on and operational repository phases.

Table 2-3 shows that all radionuclide releases even at-the top of the
stack are orders of magnitude below their respectiVe MPC limits, with the
exception of Kr-85 which is 1/100 of its MPC. The sums over all radionuclides
released show compliance with 10 CFR 1imits with sizable margins of safety.

9]

2.2 40CFRR «

Vo

A

The second part of the DOE guideline deals with U.S. Env1ronmenta1
Protection Agency (EPA) 40 CFR requirements. Part 191(4) sets no new
radiological limits, but rather references 40 CFR Part 190(11),

2.2.1 40 CFR Introduction

The Federal Register entry that discussed this proposed rule states:

"The provisions of Part 191 require the combined impacts from multiple
operations to meet a single set of dose limitations which will be the same in
botﬁ Parts 190 and 191. Section 191.03 therefore requires that the combined -
annual dose equivalent to any member of the public due to operat1ons covered
by Part 190, and to direct radiation and planned discharges of radioactive
materials covered by this Subpart? shall not exceed 25 milliremsito the whole

Mbody, 75 millirems to the thyroid, and 25 millirems to any other organ. It
also requires that waste management operations be conducted so as to reduce

' exposures for members of the public below this level to the extent reasonab]y

achievable, taking into account technical, social, and economic

considerations.” ‘

Demonstrat1ng compliance with these dose 1imits entails calculating the
doses from’ all potential exposure mechanisms to an individual at each site who
receives maximum exposure. Such exposure would come from radionuclides v
released through the plume of the stack to the a%mosphere during the construc-
tion and operation of a repository. Human exposure would occur through

o



submersion in and inhalation of radionuclides in the pluma and through
invasion of the food chain by radivnuclides. The methods by which each of
these dose components were calculated will be discussed before the results are
presented. Since these calculations are for the routine emissions during the
construction and operation of a repository, the applicable source terms and
facility characteristics are those assumed in the 10 CFR Part 20 analysis.-
leteorological data for the sites are given in References 12 and 13. It is

~also important to note that the durations of the construction and operational

phases have been assumed to be 8 and 26 yeafs, respectively.
2.2.2 40 CFR Analysis

A11 of the 40 CFR Part 191 analyses are based upon initial atmospheric
transport and dispersion of the released radionuclides. The dispersion calcu-
lations are based on site geometr1es(14) meteorological characteristics of the
sites, and aumospher1c dispersion models that have been developed over the
years.(15) -Shown in Table 2-4 are the stab1]1ty class frequency distributions
for the Gulf Coast Salt Dome and Palo Duro Basin sites. Ant1c1pat1ng that
micrometeorological characteristics of the Paradox Basin site will be -
important and that the regional nature of the Paradox environmental

character1zat1on report does not adequate]y reflect these character1st1cs, the

stab111ty for the Paradox was conservatively classified as F. .

- Given the appropriate stability class, the annual average wind epeeds,
which are shown in Table 2-5, and the height of the release point (ground
level by U.S. Nuclear Regulatory Commission definition), the computer code
DACRIN(15) ca]cu ates; using the following equat1on

. T U 0y0y

where VT

| =4
u

annual average wind speed (m/sec)
oy = horizontal dispersion coefficient (m) W“g
= vertical dispersion coefficient (m) ‘
3.1416 '

: Q
2N
noo

.
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Table 2-4, Atmospheric Stability Class Frequency Bistributions

Frequency [%]

vStabi]ity Class Palo Duro GulfT Domes
A 6.4 ; 0.7
B 4,2 5.1
c . 10.7 ’ 10.3
| D 58.5 47,2
! E 14.7 | 36.7
F P |

11.0

7
¢ _&\:

Table 2-5. Calculated X/Q Values for Normal Conditions

Mississippi Gulf

N\ Palo:Duro Paradox X/Q Louisiana Gulf
S\ Distance (m) X/Q - X/Q (sec/m3) X/Q
72,400 4,56 x 1078 2,41 x 1076 9.12 x 108 6.85 x 10°8
56,300 6.37 x 108 3.11 x 1076 1.27 x 1077 9,56 x 10-8
40,200  9.57 x 1078 4.23 x 106 1.91 x 1077 1.44 x 1077
24,100 1.63 x 10°7 6.31 x 1076 3.26 x 1077 2.45 x 1077
12,100 2.81 x 1077 9.47 x 1076 5.62 x 1077 4,22 x 1077
4,020 4,71 x 1077 1.38 x 1075 9.42 x 1077 7.07 x 1077
. 240 2.79 x 1074 9.95 x 1073 5.58 x 1074 4.19 x 1074
Stability ’
Class D F D D
Mean wind
speed ,
m/sec 6 1 .3
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the ground-level concentration of each nuclide (X) in terms of Ci/ﬁ3 per unit
release rate for that radionuclide in terms of Ci/sec(Q). This calculation is
repeated for each source/receptor distance of interest. » .

As site-spec%fic meteorological data become available, X/Q values will be
calculated for each distance of interest and compass sector to more accurately
characterize atmospheric dispersion. The results of the simpler calculations
are shown in Table 2-5, \‘ :

The environmental transport of these atmospher1ca]1y dispersed radio-

-~ nuclides into human food chaxns was evaluated using the compuuer code

PABLM, (16) PABLM estimates human_doses resulting from external radiation
exposure and 1ngest1on of radionuclides tranqported through aquatic and ter-
restrial pathways in the biosphere. .The code includes a large number of bio-
sphere pathway submodels in order to be able to evaluate the transport through
all the important pathways that may be possible. For example, the radiation

dose models include exposure to radionuclides deposited on the ground or crops

from contaminated air, radionuclides on the ground or crops from contaminated
irrigation water, radionuclides in contaminated drinking water, radionuclides
in aquatic foods, and radionuclides in bodies of water and sediments where
people might fish, boat, or swim. For crop contamination, the dose models

consider both direct deposition on leaves and uptake through roots. The code ”
- is capable of handling a total of 19 ingestion pathways with corresponding

consumption rates, growing periods, air and water concentrations, and
deposition rates. A total of four external exposure pathways are possible in
the .code w1th corrbspond1ng exposure time and soil and water concentrations.
Rad1oast1ve decay is explicitly taken into account during the biosphere
transport processes, including storage of food after harvest. The code
automatically evaluates daughter products resulting from radioactive chain
decay. The doses generated in these calculations are the dose commitments
resulting from chronic exposure for a specific period of time or from acute

-exposures within a limited time frame. For ingestion pathways, the types and
"amounts of crops grown and animal products consumed determine the terrestrial

pathways evaluated. These specific inputs for average individuals in the Palo
Duro, Paradox, dnd Gulf Coast Salt Dome Bas1ns are shown in Tables 2-6 to 2-8.

- (17,18,19) '

' Contam1nat1on of farmland or garden p]ots may resu]t from airborne or
waterborne ‘radionuclide releases, or may be residual env1ronmenta1

N Y
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Table 2-6. Palo Duro Paihway Input Data
f
, Numerical Growing Yield, Storage Consumption Reference
. Variable Description Value Period, d kg/mz Time, d Rate, kg/y (ONWI Report No.)
. Population (permanent + transient) 305,000 p. 5(102)(19)
. ft3/sec in which release :
is diluted ' ‘ 150 p. 183(102)

Terrestrial pathway parameters . |
Leafy vegetables 90 1.5 14 15 p. 83(102);(446) PABLM(18) :
Other aboveground vegetables + 60 0.7 14 15 p. 83(102),PABLM i
Potatoes 90 4.0 14 117 ~  p. 83(102),PABLM
Other root vegetables 90 4.0 14 117 p. 83(102),PABLM
Berries N - o= - - - -

Melons 90 2.0 14 15 __ p-83(102},PABLM =
~ Orchard fruit N - - - - &3
Wheat 90 1.0 14 80 _p. 82(102),PABLM
Other grains 90 1.0 14 80 p. 82(102), ABLM =
Eggs N - - - - -
Milk N - - - - - ~
Beef = 90 0.84 34 40 p. 84(102),PABLM
Pork 90 0.84 34 40 p. 84(102),PABLM
Poultry 90 0.84 14 40 p. 148(102),PABLM
Field deposition, ext. : o
exposure (hr/y) 2,920 p. 84(102),PABLM
Irrigation rate (1/m2/mo). 150 * PABLM App G

Aquatic pathway parameters ' A
Fish 1.0 40 p. 161(102),PABLM
Crustacea N - - - i
Molluscs N - - - - -

Water plants N - - - -

730 p. 161(102),PABLM -

Drinking water
500 p. 166(102),PABLM Sy

Shoreline - external exposure
Swimming - external exposure 166§§§‘>>p. 166(102) ,PABLM
Boating - external exposure 100 p. 166(102),PABLM
Shore’width ) 0.2 p. 166(102),PABLM
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Table 2-7. Paradox Pathway Input Data

Numerical Growing Yield Storage Consumption Reference

Variable Description Value Period, d kg/mi Time, d Rate, kg/y (ONWI Report No.)
Population {permanent and transient) 32,000 p. 172(144)(20)
. e
ft3/sec in which release is diluted 25 = p. 55(144)
Jerrestrial pathway parameters
Leafy vegetables NA*
Other aboveground vegetables NA
Potatoes NA
Other root vegetables NA :
Berries ' NA : o “ . ;
“Melons NA 5
: gachard fruits . NA ’ ié 80 148(144) i
eat - . e 90 - . 0.22 : ] p. — i
C ~"pABLM App(18) w
Other grains S 90 1.0 14 80 p. 135(144), i
, PABIM App G ‘
Eggs - : NA . , '
Milk : : NA o
Beef o 90 0.84 34 o 40 p. 133(144),
: . Al PABLM App
Pork . NA
‘ Poultry - NA
LR Fieldkﬁeposition, ext. exposure __ : ' p. 148(144)
(hr/y) ‘ - 2,920 . p. 67(144)
Irrigation rate (1/m2/mo) 2,500 e ) p. 58(144)
g ' 2. 71(144)

" *Not applicable to this site.




*Not applicable to this site. -

N /o=
Table 2-7. {Continued)
. Numerical Growing Yiel Storage Consumption Reference
Variable Description Value . Period, d kg/m Time, d Rate, kg/y (ONWI Report No.)
Aquatic pathway parameters :
Fish s 1.0 ; 40 p. 122(144),
: a - PABLM App
 Crustacea NA*
"~ Molluscs NA
Water plants NA -
Drinking water 1.0 730 - PABLM, App G
Shoreline - external exposure 0.33 500 PABLM, App G
Swimming - external exposure 0.33 100 PABLM, App G
Boating - external exposure _ 0.33 - 100 PABLM, App G
Shore width ” 0.2
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Table 2-8. Gulf Coast Domes Pathway Input Data

Numerical Growing Yield Storage Consumption Reference
Variable Description Value Period, d kg/mz Time, d Rate, kg/y (ONWI Report No.)
Population (permanent and ‘ )
transient) ’ 306,000 , p. 135(193)(21)
ft3/sec in which release is 60,000 p. 56{193)
diluted
Terrestrial pathway parameters
Leafy vegetables N - - -
Other aboveground vegetables N - - - -
Potatoes Y 90 4.0 14 117 p. 114(193)
PABLM App{18)
Other root vegetables Y 90 4,0 14 117 p. 114(193),
PABLM App —_
Berries Y 90 2.0 14 64 p. 114(193), o
PABLM App
Melons N - - - -
Orchard fruit Y 90 2.0 14 64 p. 114(193),
PABLM App
Wheat Y 90 1.0 14 80 p. 115(193),
PABLM App
Other grains Y 90 1.0 14 80 p. 115(193),
PABLM App
Eggs Y 90 0.84 18 20 p. 117(193),
PABLM App
Milk Y 30 1.3 4 230 p. 119(193),
PABLM App
Beef Y 90 0.84 34 40 p. 119(193),

PABLM App
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contamination from a previous release. For sites where irrigation is used,
sprinkler irrigation is.normally assumed in ‘the absence of site-specific data,
rather than surface irrigation, because the aerial spray leads to foliar
deposition resulting in an additional source of radionuclide contamination in
the plants and therefore‘yields conservative results. Trickle or flood
irrigation systems can also be simulated, if desired. For atmospheric contam-
ination, the pathway is assumed to be deposition of the airborne radionuclides
onto the plant foliage and ground.

Concentrations of radionuciides in plants depend on the concentrations in
the soil, air, and water. A plant accumulation factor is:.used to relate these
concentrations. Concentrat1ons of radionuclides in farm animal products, such
as milk, meat, or eggs, depend on the animal's consumption of feed, forage,
and water" conta1n1ng radionuclides.

Two radionuclides, H-3 and C-14, agé’treated differently than the others.
These two are assumed to be in equilibrium with their surroundings. Thus, the
concentration of tritium or carbon-14 in the hydrogen or carbon in biospheric
media (soil, plants, and animal products) is assuméa to have the same specific
activity (pCi of nuclide per kg of stable element) as that of the contami-
nating medium (air or water). o

External doses from rad1onuc11des deposited in farm f1e1ds are calculated
with the assumption of an infinite flat plane source model. For a person
standing next to a body of contaminated water, the dose from nuclides depos-
ited in the shoreline sediments is calculated by using the same model as that
used for farm fields, modified to include a shore-width factor. For persons
swimming in contaminated water, the dose is calculated by using the basic
assumption that the body of contaminated water is large enough to be con-
sidered an infinite medium relative to the range of the emissions. Persons
boating on the water are assumed to be exposed to a dose rate half that of
swimmers. -

Interné] doses are calcuiated as a function of radionuclide concentration
in food products, ingestion rates, and radiénuc]ide-specific dose commitment
factors. The concentration in foods can vary with time; release rate, and
buildup and decay in the soil. The ingestion rate of food products- is assumed
to be constant. The dose commitment is calculated for each year of intake, to
the end of the dose period. It is based on the model of Internaticnal

RS
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Commission on Radiological Protection (ICRP) Publication 2 for internally
deposited rad1onuc11des (20) The accumulated dose is then the sum of the
series of annual dose commitments from each year of 1ngest1on to the end of
the dose period. )

The computer program PABLM(IG) has been used to calculate accumulated
doses to 23 possible body'brgans or tissues for any one, or combination of,
radionuciides. Five organs we;e selected in the analyses presented here.

The computer output consists of summaries of radiation dose to all chosen
organs listed by exposure pathway and by r@dionuclide. Dose summaries were
chosen for all terrestrial food pathways. In addition, a complete listing of
dose contributions by radionuclide in each pathway was given.

Inhalation doses for the maximum individual were arrived at by
multiplying the applicable X/Q value, shown in Table 2-5, by the appropriate
Q's shown in Tables 2-1 and 2-2, and then by dose factors calculated for such
use. These dose factors, with units of Sv/Bq (mrem/uCi) are contained in
ICRP-30(21) and are shown in Table 2-9. The dose given by forming the product
of X and the dose factor is a 70-year dose commitment to the various target
organs affected by each radionuclide. For population dose calculations the
Tocation of groups of individuals enters the calculation by determining the
release point/receptor location distance and the fraction of time the
specified location is downward of the release point.

Submersion doses were evaluated for the maximum individual dose by taking
the same concentrations as discussed above times dose factors calculated for
such use. These dose factors, with un1ts of Sv/y per Bg/cm3 (mrem/y per
uC1/cm3), are shown in Table 2-10. (22) The considerations for extending a
maximum individual dose to a population dose are the same as described above
for the 1nha]at1on pathway.

To make all types of doses additive, the methods outlined in ICRP-26(23)
have been applied to the PABLM(16) output, as well as results from submersion
and inhalation dose calculations. Describing the dose addition technique,
ICRP(23) states on page 21: '

"For stochastic effects the Commission's recommended dose
limitation is based on the pr1nc1p1e that the risk should
be equal whether the whole body is irradiated un1form1y or
whether there is nonuniform irradiation.
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5 "This condition will be met if
ZTHTHT < Hyb,L
where W7 is a weighting factor representing the proportion
of the stochastic risk resulting from tissue (T) to the -
total risk, when the whole body is irradiated uniformly,
Hy is the annual dose equivalent in tissue (T), Hyp | is
the recommended annual dose-equivalent limit for uniform
~ irradiation of the whole body. .
Table 2-9. Inhalation Dose Factors
]
Weighted Committed Dose Equivalent
’ Sv mrem
Radionuclide Bq e
- 1.2 x 10-15 Sv_m3 4,4 x 1076 mMrem cm%
H-3 2 X Bq hir . ~yr uti
C-14 6.4 x 10-12 2.4 x 1072
Mn-54 1.7 x 1079 6.3
Co-60 4'i X %8-§0 : 1.? x 10%2
N"l'63 8. X = 3 . - mrem cm3
: Kr-85 4.6 x 107:-13 gé_ﬁr %.7 x 1073 r 163
AN ,Sr-90 3.4 x 1077 1.3 x 10%3
. ty-90 2.2 x 1079 8.1
AN Nb-95 1.2 x 1079 4.4
/ .Ru-106 1.2 x 1077 4.4 x 102
7 Te-125m 1.8 x 109 6.7
//// 1-129 4.7 x 10-8 1.7 x 10%2
Cs-134 1.3 x 10-8 4.8 x 101
Cs-137 8.7 x 10-9 3.2 x 101
Ce-144 9.5 x 1078 3.5 x 10%2
Fu-154 7.0 x 1078 2.6 x 102
Bi-210 5.1 x 1078 1.9 x 10%2
Pb-210 3.4 x 1076 1.2 x 10%
Pb-212 4,2 x 1078 1.6 x 10%2
Pb-214 1.8 x 1079 6.7
Rn-220 - -
Rn-222 - -
Pu-238 1.2 x 1074 4.4 x 10*9
Pu-239 1.4 x 1074 5.2 x 10*9
Pu-240 1.4 x 1074 5.2 x 109
Pu-241 2.8 x 1076 1.0 x 10t4
Am-241 1.4 x 1074 5.2 x 10%5
Cm-242 4,7 x 1076 1.7 x 10t
Cm-244 © 7.4 x 1075 2.7 x
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Table 2-19. Air Submersion Dose Factors-

—//,4/'

Y,
VAT
: Dose Conversion Factor
Sv Bg. mrem uCi Weighted Dose
year —cm3 : year o3 Conversion Factor
0.0 0.0 0.0
5,88 x 1075 2,18 x 10%5 1.31 x 10™4
1.20 - 4,44 x 10*9 2.66 x 10*8
3,55 1,31 x 10*10 7.86 x 10*8
0.0. B 0.0 0.0
7.18x 103 2.66 x 10*7 1.60 x 10%6
2.89 x 10-3" 1.07. x 10*7 6.42 x 10*5
1.98 x 1072 ====27.33 x 10%7 4.40 x 106
1.09 - 4,03 x 1019 2.42 x 10*8
0.0 0.0 0.0
1.36 x 10~2 5.03 x 10*7 3,02 x 106
1.16 x 10-2 4,29 x 10*7 2.57 x 10%6
2.20 8.14 x 10*9 4.88 x 10*8
2.26 x 10-3 8.36 x 10*6 5,02 x 10*5
2.55 x 1072 9.44 x 10*7 5.66 x 10*6
1.78 6.59 x 10*9 3.95 x 1018
7.14 x 1073 2.64 x 10*7 1,58 x 10%6
1.85 x 10~3 6.85 x 10*6 4,11 x 105
2.04 x 10-1 7.55 x 10*8 4,53 x 107
3.45 x 10-1 1.28=x 10%9 7.68 x 107
7.21 x 1074 2.67 x 10%6 1.60 x 10*5
5.34 x 10-4 1.98 x 10%6 1,19 x 105
1.27 x 1074 4,70 x 10%5 2.82 x 10*4
1.15 x 1074 4,26 x 10*5 2,56 x 10+4
1.25 x 1074 4,63 x 10*5 2.78 x 10™4
0.0 0.0 0.0
2.61 x 1072 9.66 x 10%7 5.80 x 10%6
1.42 x 1074 5.25 x 10%5 3.15 x 104
1.21 x 1074 4.48 x 105 2.69 x 10+4

7

(
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"The values of Wy recommended by the Commission are shown

below:
Tigsue M1

Gonads 0.25

Breast 0.15

Red bone’ marrow 0.12

Lung 0.12

Thyroid 0.03

Bone surfaces 0.03 i
Remainder 0.30

“When éxterna] and 1nternaf exposures are received
together, the Commission's recommended dose limitation for
stochastic effects wil] not be exceeded if:

gl___ + 3 ?i—— <1
wb,L j L - ‘ “"/‘/

1 9

where Hy is the annual dose-equivalent;=Hyh | is the
annual whole body dose-equivalent limit, I; is the annual
intake of radionuclide j, Ij,L is the annual limit of
intake for radionuclide j." "~ T

Population doses were calculated by first establishing the demography
around each of the sites and formatting it to conform with the meteorological
data. Specifically this means the division of the area within a 50-mile
radius of the sites into 16 compass sectors and 0-5, 5-10, 10-20, 20-30,
30-40, and 40-50 mile annuli. :Because the demographic data in the Environ-
mental Characterization Reports for these sites(17,15,19,24) are most often in
terms of county population densities and populations of major incorporated
areas, the counties surrounding the sites are forced to conform to the bound-
aries of the population diagrams (Figures 2-1 to 2-6) with population centers
located as they appear on a standard map. 6

The population number within each segment of the population diagram was
calculated by (1) subtracting the contributions of population centers from the
county population density, (2) multiplying the approximate county population
density in persons/miZ by the number of square miles in each segment (this

number is seen in every segment of the diagram), (3) recording in the
: 0
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‘\_:W%)Figure 2-1. Deaf Smith County Site Population Distriba\)cion
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Figure 2-3. Utah Sites Po;\n.]ation Distribution
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Figure 2-4.

Richkton Dome Site Porulation Distribution
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Cypress Creek Dome Site Population Distribution

Figure 2-5,




Vacherie Dome Site Population Distribution

Figure 2-6.
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appropriate segment all listed population centers, and (4) summing all
population contributions within each segment.

The actual doses from each of the three exposure modes (food pathways,
submersion, and inhalation) were calculated for each normal emission condition
by taking the previously calculated maximum individual doses for each mode and
modifying them by (1) multiplying by the ratio of the X/Q for the diagram
segment involved (shown in Table 2-5) to the X/Q for the maximum individual to
correspond to the site boundary (240 meters), and (2) multiplying the result
by the number of people in that segment. Summing the result over all segments
yields the population doses for each release condition. These maximum
individual and population dose results for construction and operation are
shown in Table 2-11. The critical nuclide(s) for construction emissions for
the food pathways are Pb-210 and Bi-210; for inhalation, Bi-210; and for

submersion, Pb-214, For operation, the food pathways doses are dominated by

H-3 and I-129, inhalation by 1-129, and submersion by Kr-85. It should be
noticed that all calculated maximum individual doses are far below the 25 mrem
dose limit. .

30 Kol f»&";‘ji' ]
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Table 2-11. Doses for Normal Preclosure Conditions
[
— —
" Integration Exposure Palo Duro Paradox Mississippi Louisiana
time time (mrem oY person-mrem) Guif Gulf
Construction
Max imum Individual
1 1% 4.5 x 1073 1.5 x 1071 9.0 x 1073 6.8 x 1073
70 8 3.5 x 1072 1.2 7.0 x 1072 5.3 % 1072
Population
1 1 2.8 x 1072 6.7 x 1072 5.6 x 1072 1.7 x 1071
70 8 2.3 x 1071 5.2 x 107} 4.6 x 1001 1.3
Ogeration )
Max imum Individual
1 1 2.8 x 1073 1.0 x 1073 5.6 x 1073 4.2 10-3
70 26 7.4 x 1072 2.7 1.5 x 1001 L.1x 10-1
PoEu1ation
1 1 1.8 x 1072 4.4 x 1072 3,6 x 1072 11X 10-1
70 26 4.9 x 107} 1.2 9.8 x 1071 2.8
x Note: The u1-1" indicates @ 1-year dose from a l-year gxposure. This number iS
the one which should be compared with the 25 mrem whole-body 1imit. he 70-8 an
70-26 indicate 2 70-year (or lifetime) dose commitment from total construction and
operationa\ emissions. :

VY
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3 ACCIDENT CALCULATIONS

Based upon accident scenario development done in conjunction with the
preparation of the Final Environmental Impact Statementifor Commercial High-
Level Waste(25) and subsequent work(26), five bounding accidents were analyzed
to determine both the maximum exposed individual and the population doses
involved. The U.S. Nuclear Regulatory Commission (NRC) gives strict guidance
on how these calculations are to be done, and these analyses for the maximum
individual are to be independent of the site. Such is not the case for pop-
ulation doses, where the demography is allowed to be site-specific.

For all sites as directed by the NRC, the meteorological conditions
assumed were F stability class and 1 m/sec wind speed to conservatively
portray poor dispersion conditions.(27) Using the .same methods as were
discussed previously for calculating X/Q values, the accident X/Q values shown
in Table 3-1 were calculated for use in these analyses.

The radionuclide source terms used were as shown in Tables 3-2 to 3-6.
The accidents were selected on the basis that collectively they represent the
upper limits of offsite releases while at the same time indica{ :E’the range
of such releases. The maximum exposed individual is asgumed,zif?gﬁz}he
routine emission cases, to be at the site fenceline (240 m). » For population
doses, the assumption is made that the release is into tbekmost populous
sector surrounding the release point. The 70-year dose commitment results are
shown in Table 3-7. Table 3-8 lists the radionuclides which dominate the
doses for each release situation and indicates the percent contribution of
each exposure made to the total.

\.




F
E Table 3-1. Calculated X/Q Values for Accident Conditions
: Distance [m] X/Q [sec/m3]
72,400 2.41 x 1076
56,300 7 3llx 1076
40,200 ) 4,23 x 1076
24,100 6.31 x 1076
12,100 9.47 x 1076
4,020 1.38 x 1075
240 1,74 x 1075
Table 3-2. Releases From Shaft Drop of CHLW*
, Radionuclide Released Curies
Y-90 3.9 x 1074
. Sr-90 3.9 x 1074
AN Ru-106 4.4 x 1075
Te-125 4.8 x 1076
Cs-134 w7 8.0 x 1075
y a Cs-137 6.0 x 1074
d Ce-144 2.0 x 1075
Eu-154 3.6 x 1075
Pu-238 5.6 x 10~7
Pu-239 1.3 x 1078
Pu-240 5.2 x 1078
Pu-241 6.4 x 1076
Am-241 5.2 x 1076
Cm-244 4.4 x 1075

* The release is assumed to occur over a l-hour time period.

See Appendix A.
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Table 3-3. Releases From Shaft Drop of Spent Fuel*

Radionuclide Released Curies
H-3 9
C-14 6 x 1072
Kr-85 6 x 103
Sr-90 2 x 1074

. Y-90 2 x 1074
'1-129 9 x 103
Cs-137 2 x 1074
Pu-238 6 x 1076
Pu-239 9 x 1077
Pu-240 1x 1076
Pu-241 1.4 x 1074
Am-241 3.2 x 1076
Cm-244 1.8 x 1076

* The release is assumed to occur over a l-hour time period.
See Appendix A.

Table 3-4., Releases From Spent‘Fuel Handling Accident*

Radionuclide Released Curies
H-3 5.4
C-14 , 3.6 x 1072
Kr-85 ' 3.6 x 10%3
1-129 5.4 x 1073

* In this accident, the 12 PWR assemblies in a railcar cask
are somehow crushed in the receiving building by a second
cask. Because of filtration, virtually all of the partic-
ulate is contained. However, the gases are not totally

filtered. It is assumed that 30 percent of the void gases

in the pins would be released by the accident over a 30-
minute time period. See Appendix A.
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Table 3-5. Releases From Remote-Handled TRU Accident*

Radionuclide Released Curies

H-3 . 2.5 x 1071
c-14 4.4 x 1074
Mn-54 8.1 x 1078
Co-60 ‘ @ 1.6 x 1076
Ni-63 1.6 x 1077
Sr-90 1.2 x 1078
Nb-95 _ 8.2 x 1078
Cs-137 1.9 x 1078
Pu-238 1.1 x 1079
Pu-239 7.2 x 1011
Pu-240 1.5 x 10710
Pu-241 3.6 x 1678
Am-241 1.4 x 10710
Cm-242 2.0 x 1079
Cm-244 1.4 x 1079

* The only credible accidents that happen with the remote-
handled transuranic (RH-TRU) wastes (some 34,365 drums)
are bounded in consequences by the shaft drop. In this
accident, four canisters carrying three drums each dropped
down the mine shaft and burst. Some 20 percent of the
material is released over.a period of 1 hour. See
Appendix A. : .
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Table 3-6. Releases From Contact-Handled TRU Accident*

33

Radjonuclide

H-3
C-14
Co-60
Sr-980
Nb-95
Ru-106

Released Curies

6.3 x 1076
1.6 x 10°10
6.2 x 10713
9.2 x 10713
1.1 x 10711
2.8 x 10710

* The most credible accident that can happen to contact-
handled transuranic (CH-TRU) waste is the puncture of the
drum and subsequent release of the drum's contents over a

30-minute time period. (See Appendix A.)

i
N
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Table 3-7. Accident Dose Comparisons (mrem or person-mrem)

! Mississippi Louisiana
Palo Duro Paradox Gulf Gulf
Spent Fuel (SF)
Maximum Individual 8.0 x 10-2* 8.0 x 102 8,0 x 1072 * 8.0 x 1072
Population 1.8 x 1073 1.1 x 10*2 1.7 x 103 1.6 x 10%3
CHLW ~ .
Maximum Individual 6.9 x 1072 6.9 x 1002 6.9 x 102 6.9 x 1072
Population 1.5 x 1013 9.5 x 1011 1.4 x 108 1.3 x 103
SF Handling 5 )
Maximum Individual 7.4 x 1073 7.4 x 103 7.4 x 1003 7.4 x 1073
Population 1.6 x 10*2 1.0 x 10"} & 1.5 x 0¥ 1.4 x 10%2
RH-TRU"
Maximum Individual 7.6 x 1076 76 x 106 7.6 x 106 7.6 x 1076
Population 1.7 x 1071 1.0 x 102 1.5 x 1001 1.4 x 1071
CH-TRU
Veximun Individual 5.6 x 10710 5.6 x 10710 5.6 x 1010 5.6 x 10710
Population 1.2 x 1075 x 1005 1.0 x 1075

7.8 x 1007 1.1

* Doses are given in units of mrem or person-mrem.

g
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Table 3-8. Critical Nuclides in Accident Releases

; Food pathways Submersion v Inhalation
: Spent Fuel (SF)
P H-3 Kr-85 Pu-238
: Sr-90 Pu-239
1 Cs-137 Pu-240
] Pu-238 Pu-241
: Am-241 Am-241
E : Cm-244
; (=0%) (10%) (90%)
CHLW
Cs-134 Cs-134 Sr-90
Cs-137 Eu-154 Am-241
(=08) Cm-244
0% e
(=0%) (=100)
SF_Handling N
H-3 Kr-85 1-129
« (=0%) (42%) (58%)
! RH-TRU
H-3 Co-60 Co-60
Ni-63 ‘ Pu-238
Sr~90 Pu-239
Cs-137 Pu-240
Pu-238 - Pu-241
Am-241
o Cm-244
= 0% .
| (=0%) (*100%)
i
CH-TRU
H-3 Co-60 Ru-106
Sr-90 Nb-95 Y
?u-lOG :
:0%) ~ N9
” (=0%) (=100%) @,
i
/ '\:
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4 SUMMARY AND CONCLUSIONS

The results of these analyses indicate that a high-level nuclear waste
repository placed at any one of the salt sites involved can comply with radio-
logical regulations, where they exist. The summed contribution of all radio-
nuclides emitted during construction equalﬁ 4 x 10°4 of the applicable 10 CFR
Part 20(2) 1imit. For operation of such aJrepository, this sum is 1072 of the
limit. These values are not site specific because they were calculated at the
Cre]ease point, not at the site boundary.

The 40 CFR Part 191(4) radiological dose limit which is appropriate for
comparison with the calculated estimates is 25 mrem/year for the maximum
exposed individual. For construction, the largest sum of doses from all
radionuclides and all exposure pathways for any site considered is 1.5 x 10-1
mrem/year. For operation, the analogous vaiue is 1.0 x 10-1, Population
doses are always highest for Louisiana and lowest for the Palo Duro Basin.

For accidenﬁé analyzed, the range of maximum individual lifetime doses 1§
8.0 x 1072 mrem to 5.6 x 10-10 mrem. The highest doses result from a droﬁzof '
spent fuel down the shaft and the lowest from puncture of a contact-handled
TRU drum. Population‘doses are always highest in the Palo Duro Basin and
Towest in the Parqdox'Basin.'i '

i
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Depar‘ment of Energy
Washington, D.C. 20585 NAY 1 4 1534

Honorable Nunzio J. Palladino

Chairman, Nuclear Regqulatory
Commission

Washington, D.C., 20555

Dear Mr. Chairman:

This letter transmits the Department's siting guidelines with the
revisions made in response to the Nuclear Regulatory Commission's (NRC)
preliminary concurrence decision of March 14, 1984, We believe that these
revisions fully satisfy the concerns of the Commission as expressed in its
preliminary concurrence decision, and we look forward to receiving your
concurrence as soon as possible,

In its preliminary concurrence decision, the Commission stated that it
would concur in the siting guidelines provided that the Department complied
with seven conditions. These seven conditions required the Department to (1)
recognize the NRC's jurisdicrion over the resolution of differences between
the guidelines and 10 CFR Parc 60; (2) commit to obtain NRC concurrence on
guideline revisions relating to NRC jurisdiction; (3) make a number of
specific revisions to the guidelines to enhance consistency between the
guidelines and 10 CPR Part 60; (4) sctate more clearly that engineered barriers
will not be used vo compensate for site deficiencies: {5) specify in detail
how the guidelines would be applied at each siting stadé: (6) indicace,
guideline by guideline, the kinds and levels of information necessary to make
decisions on site nomination and recommendation for characterization: and (7)
add more disqualifying conditions to the quidelines.

In developing responses to these conditions, the Department participated
in a series of discussions with the NRC technical staff. The-purpose of these
meetings was to clearly understand both the meaning and the intent of the
conditions as well as the revisions that would be required to satisfy the
concurrence conditions. The discussions were open to the public, which was
invited to comment at the end of each session. ‘

In response to conditions 1 and 2, the Department has revised the
“Applicability® section to acknowledge the NRC's jurisdiccion for the
resolution of differences between the guidelines and 10 CPR Part 60 and to
state that the Department will obtain NRC concurrence on any guideline
revisions relating to NRC jurisdiction., In response to condition 3, the
Department’ has made a number of changes throughout the guidelines to ensure
consistency between the guidelines and 10 CPR Part 60 and has stated its
commitment to revise the guidelines as necessary to ensure consistency with
the NRC's final regulations, when promulgated, for the unsaturated zone. In
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fesponse to condition 4, the Department has tevised the discussion of
engineered barriers in che implementation guidelines to more clearly state its
intention that engineered barriers shall not be used to compensate for site
deficiencies,

In response to condition 5, the Department revised the implementation
guidelines to describe in more detail how the guidelines will be applied
throughout the siting process. 1in addition, the Department has prepared a new
Appendix C, which shows which quidelines will be applied at the principal
decision points in siting and identifies the type of finding to be made when
the guidclines are appljed. o

In response to condition 6, the Department has revised the implementacion
guidelines to add a new section describing the types and sources of
informacion to be used in the Principal siting decisions; the Deparcment has
also developed a new Appendix D, which lists the types of information that
should be considered at the nomination stage for each technical gquideline.

/In.response to condizion 7, the Department has added to the technical
guidelines six new disqualifying conditions: two for the postclosure
guidelines (tectonics and natural resources) and four for the preclosure

- guidelines (offsite installations and operations, socioeconomic impaces,
hydrology, and tectonics), The Department has also tevised the disqualifying
condition for the preclosure environmental quality guideline to include

, National Forest Lands. Thus, the Siting guidelines now concain an explicic

\35 disqualifying condition for eacn of the factors specified in Section 112(a) of

N the Nuclear Waste Policy Act. 5 7

The :evisions summarized above are included in the line~-in/line-out

7 ~ version of thelguidelines attached for the Commission's consideration. The
e revisions address each of the concurrence conditions and, in our opinion, nave
7 significantly clarified the siting process,

We appreciate the effort on the part of cthe Commission to reacn
concurrence on the siting guidelines; we also appreciate and commend the
diligence of the N§C technical staff in chis matcter, Because issuance of the
Department's siting quidelines has become a critical milestone in the
repository program.%we would greatly appreciace any efforct by the Commission

to expedite its conéyrrence on the guidelines.

\ Sincerely yours, /o
! /] 0
Ve oo : ~
‘§_ / ¢
\ Michael J. Lawrence
A Acting Director
h Office of Civilian Radioactive Waste
3 Management
I Enclosures \
o E \
o v, €C: Samuel Chilk \
g : S JImhn Navie \\
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APPENDIX A

DOE R%YISIONS
0
GENERAL GUIDELINES FOR RECOMMENDATION OF SITES
FOR NUCLEAR WASTE REPOSITORIES
(NOVEMBER 18, 1983, FINAL DRAFT)

IN RESPONSE TO

THE PRELIMINARY DECISION ON CONCURRENCE
‘ BY THE NRC ON MARCH 14, 1984

MAY 14, 1984
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SUMMARY OF THE REVISIONS TO THE SITING GUIDELINES

The revisions to the siting guidelines of November 18, 1983, are attached
in the folluwing order and format:

*  Subpart A--GENERAL PROVISIONS: Line-in additions and line-out
deletions.

® Subpart B--IMPLEMENTATION GUIDELINES: Line-in additions and line-out
deletions.

¢ Subpart C--POSTCLOSURE GUIDELINES: Line-in additions and line-out
deletions.

® Subpart D--PRECLOSURE GUIDELINES: Line-in additions and line-out
deletions. :

e APPENDICES: Additions are Appendix III--APPLICATION OF THE SYSTEM
AND TECHNICAL GUIDELINES DURING THE SITING PROCESS~~and Appendix IV--

IYPES OF INFORMATION FOR THE NOMINATION OF SITES AS SUITABLE FOR
CHARACTERIZATICN. :

Additionally, an index of DOE responses to the seven NRC preliminary
concurrence conditions is given on the following pages.




PAGE 1
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NRC o
PRELIMINARY DOE_SITING GUIODELINES
CONCURRENCE
CONDITION SUBPART A SUBPART B SUBPART C SUBPART D APPENDIX
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WRC Jurisdiction Revisions of
for resolution 960.1
of differences

HRC concurrence

(2) Revision of
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of high effec- 2 1(b)(4);
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PRELIMINARY e DQE SIVING GUIDELINES _ _
CONCURRENCE
SUBPART A SUBPART B SUBPART C SUBPART D APPENDIX

CONDITION

(3X(d)

Adjustment of
1,000 -year ground-
water travel time

Revision of 960.4;
2 1(d)

- consistency with
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*unanticipated...”
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quatifying
condityons for
factors given
1 HWPA 112(a)

SUBPART A SUBPART B SUBPART C SUBPART D APPENDIX
. Addition to 960.4 2;
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SUMMARY OF THE REVISIONS TO SUBPART A

The following is the line-in/line-out revision of Subpart A~-GENERAL
PROVISIONS--of the DOE siting guidelines of November 18, 1983. Additions to
that version are underlined. To avoid confusion, all words, phrases, or
headings that were underlined in the version of November 18, 1983, have been
replaced by capital letters with underlining. Deletions are enclosed in
‘brackets and crossed out, as for example {peswanentiy.

Deletions include the removal from Section 960.1, APPLICABILITY, of
language dealing with consistency among regulations, and the removal of the
definitions of "characteristics and processes affecting expected repository
- performance” and “potentially disruptive processes and events", and the word
"permanently” from the definition of "disturbed zone" in Section 960.2,
DEFINITIONS.

Additions include the insertion of new language in Section 360.17
APPLICABILITY, dealing with NRC jurisdiction and definitions of "application,”
“determination," "evaluation," and "finding" in Section 960.2, DEFINITIONS.'
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SUBPART A--GENERAL PROVISIONS.

$60.1 APPLICABILITY,

These guidelines were developed in accordance with the requirements of
Section 112(a) of the Nuclear Waste Policy Act of 1982 for use by the
Secretary of Energy in evaluating the suitability of sites for the development
of repositories. The guidelines will be used for suitability evaluations and

~determinations made pursuant to Section 112(b) and any preliminary suitapnility

determinations required by Section 114(f).

The guidelines set forth in this Part are intended to complement the

requirements set forth in the Act, 10 CFR Part 60, and 40 CFR Part 191. <%=
: . . . . . . !

Sppiiag—thess—guideiRes—the—DOE—will—resolve—any—inconsist
P rdeli e ! . I i rod.t o-DOR

The DOE recognizes NRC
jurisdiction for the resolution of differences between the guidelines and 19
CFR_Part 60. The quidelines have receivad “he concurrence of the NRC. The
DOE contemplates revising the quidelines from time to tim2, as permitted by
the Act. to take into account revisions made to the above requlations and to
otherwise update the gquidelines as necessary. The DOE will submit any such

revisions relating to NRC jurisdiction to the NRC and obtain its concurrence

before issuance.

960.2 DEFINITIONS.
As used in this Part:

"Accessible environment" means the atmosphere, the land surface, surface
water, oceans, and the portion of the lithosphere that is outside the
controlled area. :

“Act” means the Nuclear Waste Policy Act of 1982.

“"Active fault" means a fault along which there is recurrent movement,
which is wusually indicated by small, periodic displacements or seismic
activity. :

"Affected area“ means either the area of socioeconomic impact or the area
of environmental impact, each of which will vary in size among potential
repository sites. ’ '

'“Affected Indian tribe" means any Indian tribe (1) within whose
reservation boundaries a repository for radiocactive waste is proposed to be
located or (2) whose federally defined possessory or usage rights to other
lands outside the reservation's boundaries arising out of congressionally
ratified treaties may be substantially ar.. adversely affected by the locating
of such a facility: PROVIDED that the Secretary of the Interior finds, upon
the petition of the appropriate governmental officials of the trlbe, that such
effects are both substantzal and adverse to the tribe.

"Affected State” means any State that (1) has been notxf;ed by the DOE in
accordance with Section 116(a) of the Act as fencompessing} containing a

W
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potentially acceptable site; (2) contains a candidate site for site
characterization or repository development: or (3) contains a site selected
for repository development. .

“Application” means i i of compliance or
lifying or disqualifying conditions s ecified in the
and D, in accordance with the types of findinas

quidelines of Subparts C

specified in Appendix III.

"Aquifer" means a formation, a group of formgﬁlons. or a part of a
formation that contains sufficient saturated permeable material to yield
significant quantities of water to wells and springs.

"Barrier" means any material or structure that prevents or substantially
delays the movement of water or radionuclides.

"Candidate site" means an area, within a geohydrologic setting, that is
recommended by the Secretary of Energy under Section 112 of the Act for site
Characterization, approved by the President- under Section 112 of the Act for
characterization, or undergoing site characterization under Section 113 of the
Act. ’ : .

hichoail Po—ot—_tho , 'W‘W.”I.l NP o

"Closure” means final backfilling of the remaining open operational areas
of the underground facility and boreholes after the termination of waste
emplacement, culminating in the sealing of shafts.

! "Confining unit" means a body of impermeable or distinctly less permeable
material stratigraphically adjacent tc one or more aquifers.

“Containment"- means the confinement :of radioactive waste within a
designated boundary.

"Controlled area” means a surface location, to be marked by suitable
monuments, extending horizontally no more than 10 kilometers in any direction
from the outer boundary of the underground facility, and the underlying

'subsurface, which area has been committed to use as a geologic repository and

from which incompatible activities would be prohibited before and after
permanent closure. e ’
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"Cumulative relesases of radionuclides" means the total number of curies
of radionuclides entering the accessible environment in any 10,000-year
period, normalized on the basis of radiotoxicity in accordance with 40 CFR
Part 191. The peak cumulative release of radionuclides refers to the
10,000-year period during which any such Trelease attains its maximum

{prodeoted} predicted value.

"Decommissioning" means the permanent removal from service of surface
facilities and components necessary for prsclosure operations only, after
repository closure, in accordance with regulatory requirements and
snvironmental policies. :

"Determination” means a decision by the Secretary that a site is suitable
for site characterization for the selection of a repository site or that a
site is guitable for the development of a repository, consistent with

gglzcatxons of the gquidelines of Subparts C and D _in accordance with the
provisions set forth in Subpart B.

"Disposal" means the emplacement in a repository of high-level radio-
active waste, spent nuclear fuel, or other highly radiocactive material with no
foreseeable intent of recovery, whether or not such emplacement permits the
recovery of such waste, and the isolation of such waste from the accessible
environment.

"Disqualifying condition" means a condition that, if present at a site,
would eliminate that site from further consideration.

"Disturbed zone" means that portion of the controlled area, excluding
shafts, whose physical or chemical properties are ¢perojeoted] predicted to
change {pesmanantiu} as a result of underground facility construction or.heat
generated by the emplaced radiocactive waste such that the resultant change of
properties could have a=significant effect on the performance of the geologﬁE
repository.

"DOE" means the U.S. Department of Energy or its duly authorized
representatives. ' :

“Effective porosity" means the amount of interconnected pore space and
fracture openings available for the transmission of fluids, expressed as the
_ ratio of the volume of interconnected pores and openings to the volume of rock.
"Engineered-barrier system" means the manmade components of a disposal
system designed to prevent the release of radionuclides from the underground
facility or into the geohydrolugic setting. Such term includes the
radiocactive-waste form, radioactive-wasce canisters, materials placed over and
around such canisters, any other components of the waste package, and barrxers
used to seal penetrations in and into the underground facility. A

"Envzroqmental assessment” means the document required by Sectiod

112(b,(1)(E) of the Nuclear Waste Policy Act of 1982.

"Environmental impact statement" means the document required by Sectxon?

102(2)(C) of the National Environmental Policy Act of 1969. Sections 1l4(a)
and 114(f) of the Nuclear Waste Policy Act of 1382 include certain limitations

i
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[#&] on the National Environmental Policy Act nquinme;jxt: as they apply to
the preparation of an environmental impact statement for ‘-‘}tho development of a
repository at a characterized site. ;

\
i\

"EPA" means the U.S. Environmental Protection Agency 'or its duly autho-

i

rized representatives.
"Evaluation" means the act of carefully examining the “l‘characteristics of
a_site in relation to the requirements of the lifying: or disﬂlifzing
conditions specified in the quidelines of Subparts C and D. Evaluativn
includes the consideration of favorable and potentially adverse conditions.
.\\

"Expected" means assumed to be probable or certain 6ij; the basis of
existing evidence and in the absence of significant evidencs to the contrary.

"Expected repository performance” means the manner in which the reposi-
tory . is [(proieeted) predicted to function, considering those conditions,
processes, and events that are [mese] likely to prevail or may occur dur:rng
the time period of interest.

"Facility" means any structure, system, or system component, including
engineered barriers, created by the DOE to meet repository-performance or
functional objectives. =

"Fault" means a fracture or a zone of fractures along which' there has
been displacement of the sides relative to one another parallel to'the frac-
ture or zone of fractures. :

"Paulnting" means the process of fracturing and displacement that \Q‘“produces
a fault. §
W

"Favorable condition" means a condition that, though not neceséy;\ary to
qualify a site, is presumed, if present, to enhance confidence that the ‘quali-
fying condition of a particular guideline can be met.

“Finding" means a conclusion that is reached after evaluation. ‘:;\

"“Geohydroliogic setting” means the system of geohydrologic units thar‘fi;\ is
located within a given geologic setting, “\\3:‘:\

"Geohydrologic system" means the geohydrologic units within a geologic
setting, including any recharje, discharge, interconnections between units,

and any natural or man-induced processes or events that could af'fecﬁ_l

ground-water flow within or among those units,

"Geohydrologic unit" means an aquifer, a confining unit, or a combination
of aquifers and confining units comprising a framework for a reasonably dis-
tinct geohydrologic system, :

"Geologic repository” means a system, requiring licensing by the NRC,
that is intended to be used, or may be used, for the disposal of radioactive
waste in excavated geologic media., A geologic repository includes (1) the
geologic-repository operations area and (2) the portion of the geclogic

o5
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setting that provides isolation of the radiocactive waste and is located within
the controlled area.

"Geologic-repository operations area" means a radioactive-waste facility
that is part of the geologic repository, including both surface and subsurface
areas and facilities where waste-handling activities are conducted.

"Geologic setting” means the geologic, hydrologic, and geochemical
systems of the region in which a geologic-repository operations area is or may
be located.

"Geomorphic processes" means geologic procasses that are responsible for
the general configuration of the Earth's surface, including the development of
present landforms and their relationships to underlying structures, and are
responsible for the geologic changes recorded by these surface features.

&ﬂcovefaorﬂ—aaaaa-ehe-chio£-eaacu:ius-oiii:ac_oi_a_S:a:a-4

‘"Ground water" means all subsurface water as distinct from surface water.

"Ground-water flux" means the rate of ground-water flow per unit area of
porous or fractured media measured perpendicular to the ‘direction of flow.

"Ground-water sources” means aquifers that have been or could. be
economically and technologically developed as sources of water in the
foreseeable future. o

"Ground-water travel time" means the time required for a unit volume of
ground water to travel between two locations. The travel time is the length
of the flow path divided by the velocity, where velocity is the average
ground-water flux paszing through the cross-sectional area of the geologic
medium through which flcw occurs, perpendicular to the flow direction, divided
by the effective porosity along the flow path. If discrete ‘segments of the
flow path have different hydrologic properties, the total travel time will be
the sum of the travel times for each discrete segment.

“Guideline” means a statement of policy or procedure that may include,

. when appropriate, qualifying, disqualifying, faverable, or potentially adverse

conditions as specified in the "guidelings."

"Guidelines" means Part 960 of Title 10 of the Code of Federal
Regulations--General Guidelines for the Recommendat on of Sites for Nuclear
Waste Repositories. ’

"High-level radioactive waste" means (1) the highly radiocactive material
resulting from the reprocessing of spent nuclear fuel, including liquid waste

i produced directly in reprocessing and any solid material derived from such

liquid waste that contains fission products in sufficient concentrations and
(2) other highly radioactive material ‘that ‘the NRC, consistent withcexisting

"Highly populated area" means any incorporated place (recognized by the

: " decennial reports of the U.S. Bureau of the Census) of 2,500 or more persons,
. 'or any census designated place (as defined and delineated by the Bureau) of

(l'.\‘ N
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2,500 or more parsons, unless it can be demonstrated that any such place has a
lower population density than the mean value for the continental United
States. Counties or county equivalents, whether incorporated or not, are
specifically excluded from the definition of "place" as used herein.

"Host rock"” means the geologic medium in which the waste is emplaced,
specifically the geologic materials that directly encompass and are in close
proximity to the underground facility.

"Hydraulic conductivity” means the volume of water that will move through
a madium in a unit time under a unit hydraulic gradient through a unit area
measured perpendicular to the direction of flow.

"Hydraulic 9radunt" means a change in the static pressure of ground
water, oxprused in terms of the height of water above a datum, per unit of
distance in a given diraction.

"Hydrologic process" means any hydrologic phenomenon that exhibits a
continuous change in time, whether slow or rapid.

“"Hydrologic properties" means those properties of a rock that govern the
entrance of water and the capacity to hold, transmit, and deliver water, such
as porosity, effective porosity, specific retention, permeability, and the
directions of maximum and minimum permeabilities.

“Igneous activity"” means the emplacement (intrusion) of molten rock
msterial (magma) into material in the Earth's crust or the expulsion
(extrusion) of such material onto the Earth's surface or into its atmosphere
or surface water.

= “Isolation" means inhibiting the transport of radiocactive material so
that the amounts and concentrations of this material entering the accessible
environment will be kept within prescribed limits. °

“Likely" means possessing or displaying the qualities, characteristics.,
or attributes that provide a reasonable basis for confidence that what 1is
expected indeed pxists or will occur.

"L:.thos;a}}ere" means the solid part of the Earth, including any ground
water coutamed within it. o -

"Membgr of the public" means any individual who is not engaged in
opcrations/ involving the management, storage, and disposal of radiocactive
wasta. ﬁ/ worker so engaged is a member of the public except when on duty at
the geolggic-repository operations area.

“Mi f,igation" means (1) .avoiding the impact altogether by not taking a
certain pction or parts of an action: (2) minimizing impacts by limiting the

repairing, rehabilitating, or restoring the affected environment:

impact b
(4) red \cmngr: eliminating the impact over time by preservation and

‘degree o'§ magnitude of the action and its implementation; (3) rectifying the

. maintenan \e operations during the life of the action; or (5) compensating for

the mpact\iy replacmg or providing substxtute resources or environments.

A <5
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"Model” means a conceptual description and the associated mathematical
reprasantation of a system, subsystem, component, or condition that is used to
predict changes from a baseline state as a function of intsrnal and/or
external stimuli and as a function of time and space.

“NRC" means the U.S. Nuclear Regulatory Commission or its duly authorized
represantatives.

“Perched ground water" means unconfined ground water separated from an
underlying body of ground water by an unsaturated zone. Its water table is a
perched water table. Perched ground water is held up by a perching bed whose
permeability is so low that water percolating downward through it is not able
to bring water in the underlying unsaturated zone above atmospheric pressure.

"Performance assessment" means any analysis that predicts the behavior of
4 system or system component under a given set of constant and/or transient

‘conditions. Performance assessments will include estimates of the effects of

uncertainties in data and modeling.

"Permanent closure" is synonymous with "closure."

"Postclosure” means the period of time after the closure of the geologic
repository.

"Potentially acceptable site" means any site at which, after geologic
studies and field mapping but before detailed geologic data gathering, the DOE
undertakes preliminary drilling and geophysical testing for the definition of
site 1oCation. i

"Potentially adverse condition" means a condition that is presumed to
detract from expected system performance +4wnieeed, but further evaluation,
additional data, or the identification of compensating or mitigating factors
may indicatefed that its effect on the expected system performance is
acceptable.

"Preclosure” means the period of time before and during the closure of
the geologzc repository. ng

"Pre-waste-emplacement” means before the authorization of repository
construction by the NRC. .

"Qualifying condition" means a condition that must be satisfied for a
site to be considered acceptable with respect to a specific guideline.

"Quaternary Period" means the second period “of the Cenozoic Era,
following the Tertiary, beginning 2 to 3 million years ago and extending to

-the present. -
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"Radicactive waste" or "wa:'\c.:c" means high-level radiocactive waste and
other radioactive materials, including spent nuclear fuel, that are received
for emplacement in a geologic rnpos&fory.

"Radioactive~waste facility" means a focility subject to the licensing
and related regulatory authority of the NRC pursuant to Sections 202(3) and
202(4) of the Energy Reorganization Act of 1974 (88 Stat. 1244).

"Radionuclide retardation" means the process or processes that cause the
time required for a given radionuclide to move between two locations to be
greater than the ground-water travel time, bhecause of physical and chemical
interactions between the radionuclide and the geohydrologic unit through which
the radionuclide travels.

"Reasonably available technology” means: technology FEewa&} which exists
and has been demonstrated or for which ithe results of any requisite
development, demonstration., or confirmatory testing efforts before application
will be available within the required time periods.

“Repository" is synonymous with "geologic repository.”
"Repository closure" is synonymous with "closure.”

"Repository construction” means all excavation and mining activities
associated with the construction of shafts, shaft stations, rooms, and
necessary openings in the underground facility, preparatory to radicactive-
waste emplacement, as well as the construction of necessary surface
facilities, but excluding site-characterization activities.

"Repository operation" means all of the functions at the site leading to
and invelving radiocactive-waste emplacement in the underground facility.
including receiving, transportation, handling, emplacement. and, if necessary,
retrieval.

"Repository sﬁpport facilities"” means ﬁ all permanent facilities“

constructed in support of site-characterization activities and repository
construction, operation, and closure activities, including surface structures,
utility lines, roads, railroads, and similar facilities, but excluding the
underground facility. 5
"Restricted area" means any area access to which is controlled by the DOE
for purposes of protecting individuals from exposure to radiation and
radiocactive materials before repository closure, but not including any areas
used as residential gquarters, although a separate room or rooms in a
residential building may be set apart as a restr;cted area. :

“Retrieval" means the act of intentionally removzng radioactive waste
before repository closure from the underground locatxon at which the waste had
been previously emplaced for disposal. A

,\

“"Saturated zone" means that part of the Earth's crust beneath the water
table in which all/voids, large and small, are ;deally ftlled with water under
prcssure greater” “than atmospherzc : ‘
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“Secretary” means the Secratary of Energy.

"Site" means a potentially acceptable site or a candidate site, as
appropriate, until such time as the controlled area has been sstablished, at
which time the site and the controlled area are the same.

"Site characterization" means activities, whether in the laboratory or in
the field, undertaken to establish the geologic conditions and the ranges of
the parameters of a candidate site relevant to the location of a repository,
including borings, surface excavations, excavations of exploratory shafts,
limited subsurface lateral excavations and borings, and in situ testing needed
to evaluate the suitability of a candidate site for the location of a
repository, but not including preliminary borings and geophysical testing
needed to assess whether site characterization should be undertaken.

“Siting" means the collection of exploration, testing, evaluation, and
decision-making activities associated with the process of site screening, site
nomination, site recommendation, and site approval for characterization or
repository development.

"Source term" means the kinds and amounts of radionuclides that make up
the source of a potential release of radioactivity.

"Spent nuclear fuel"” means fuel that has been withdrasm from a nuclear
reactor following irradiation, the constituent elements of which have not been
separated by reprocessing.

"Surface facilities" means repository support facilities within the
restricted area.

“Surface water" means any waters on the surface of the Earth, including
fresh and salt water, ice, and snow.

“System” means the geologic setting at the site, fengincorod—componechti

s8¢ and susnts thar affact axpDacsad TV ERE YY)
Do oL 5

aRd—associatad . proges
poriosmanael the waste package, and the repositorv, +oonsirdered—aa-—an
+Aeegratod—antitnt all acting together to contain and isolate the waste.

“System performance” means the ftetal—integrated—rosuli—of—ili—astings

complete behavior of a repository system in response to the conditions,

processes, and events {eeused—by—eor—effececttne—a—reposrtoryr that may affect it.

"Tectonic" means of, or pertaining to, the forces involved in., or the
resulting structures or features of, "tectonics."

"Tectonics" means the branch of geology dealing with the broad
architecture of the outer part of the Earth, that is, the regional assembling
of structural or deformational features and the study of their mutual
relations, origin, and historical evolution.

"To the extent practicable” means the degree to which an intended course
of action is capable of being effected in a manner that is reasonable and
feagible within a framework of constraints.
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"Underground facility" means the underground structure and the rock
required for support, including mined openings and backfill materials, but
sxcluding shafts, boreholes, and their seals.

"Unsaturated zone" means the zone between the land surface and the water
table. ; 4 4 Generally, water in this zone
is under less than atmospheric pressure, and some of the voids may contain air
or other gases at atmospheric pressure. Beneath flooded areas or in perched
water bodies, the water pressure locally may be greater than atmospheric.

"Waste form" means the radicactive waste materials and any encapsulating
or sgtabilizing matrix.

"Waste ' package" means the waste form and any containers, shielding,.

packing, and other sorbent materials immediately surrounding an individual
waste container.

“Water table" means that surface in a body of ground water at which the
water pressure is atmospheric.

Y
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DOE_REVISIONS

SUBPART B--IMPLEMENTATION GUIDELINES--OF THE SITING GUIDELINES

OF NOVEMBER 18, 1983

i)

"



65

SUMMARY OF PROPOSED REVISIONS TO SUBPART B

Attached is the line-in/line-out revision of Subpart B--IMPLEMENTATION
GUIDELINES-—of the DOE siting quidelines of November 18, 1983. Additions to
that version are underlined. To avoid confusion, all words, phrases, or
headings that were underlined in the version of November 18, 1983, have been
replaced by capital letters with underlining. Deletions are enclosed in

brackets and croqgod out, as for example [. .ron—engineered-barrier—aystem. ..],

Regarding the format of Subpart B, a new Section 960.3~1-4, entitled
EVIDENCE FOR _SITING DECISIONS, has been inserted, and the old Section
960.3-1-4, entitled BASIS FOR SITE EVALUATIONS, has been renumbered as Section
960.3-1-5. With this format change, Section 960.3-1-5 has been revised:

(1) To remove the language that groups the postclosure technical
guidelines under Subpart C into two categories of decreasing order of
importance. : '

(2) To replace the language concerning the use of engineered barriers in
site evaluations with, in essence, that proposed by the NRC staff.

(3) To remove the language dealing with technically conservative
assumptions, available evidence, data limitations, and the like.

(4) To insert minor word and phrase additions for purposes of
clarification of meaning and intent.

The new Section 960.3-1-4 includes general descriptions of the kinds of
information and data and their sources necessary for the four principal
decision points during the siting process. Reference is® made in the
subsection dealing with evidence for site nomination (Section 960.3-1—4—2)=to
the new Appendix IV to the siting guidelines; it contains a detailed list of
types of information to be used in evaluating sites against the guidelines of
Subparts C and D, on a guideline-by-guideline basis.

Under Section 960.3-2, SITING PROCESS. language has been included to (1)
identify which guidelines would be used at different stages of the siting
process and’ (2) to specify the type of application of such guidelines in the
sense of making either a "finding” or a "determination." Reference is made to
the new Appendix III, which correlates the system and technical guidelines of
Subparts C and D with the principal siting decisions and the type of findings
to be made at each decision point.
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SUBPART B-iMPLHENTATION | GUIDELINES.

960.3 IMPLEMENTATION GUIDELINES.

The guidelines of this Subpart establish the procedure and basis for
applying the postclosure and the preclosure guidelines of Subparts C and D,
respactively, to evaluations of the suitability of sites for the development
of repositories. As may be appropriate during the asiting process, this
procedure requires consideration of a varisty of geohydrologic settings and
rock types, regionality, and environmental impacts and consultation with
affected States, affected Indian tribes, and Federal agencies. '

960.3-1 SITING PROVISIONS.

The siting provisions establish the framework for the implementation of
‘the siting process specified in Section 960.3-2. Sections 960.3-1-1 and
960.3-1-2 require that consideration be given to sites situated in different
geohydrologic 'settings and different types of host rock, respectively. These
diversity guidflines are intended to balance the process of sgite selection by
requiring congideration -of a variety of geologic conditions and media, and
thereby enhancik confidence in the technical suitability of sites selected for
the developmenL; of repositories. As required by the Act, Section 960.3-1-3
specifies consideration of a regional distribution of repositories arter
recomendation\of a site for development of the first repository. Section
960.3-1-4 describes the evidence that is required to support siting
decisions. Section 960.3-1-5[43 establishes the bases for site evaluations

——e e i

applieatien] égainst the postclosure and the preclosure guidelines of

Subparts C and D [so—site—ovaluations] during the various phases of the sitix?g-'{;'

process.

960.3~1-1 DIVERSITY OFeGEOHYDROLOGIC SETTINGS.

Considerationa shall be given to a variety of geohydrologi,‘c settings in
which sites for t.\he development of repositories may be located. | To the exten:
practicable, sites recommended as candidate sites for charactexul'ization shall

be located in different geohydrologic settings. {/

960.3~1-2 DIVERSITY OF ROCK TYPES. ' i
| | | .
Consideration \\shall be given to a variety of geologic media in which
sites for the development of repositories may be located. To the extent
practicable, and with due consideration of candidate sites | characterized

previously or apptoi\‘(ed for such characterization if the circumstances [=ee]
apply., sites recomménded as candidate sites for characterization shall have

)

different types of hc’;»\st rock.
|

960.3-1-3 REGIONALITY.
: |

In making site recommendations for repository development after the site

for the first repository has been recommended, the Secretary shall give due

\‘\
)

Seed
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consideration to the need for, and the advantages of, a regional distribution
in the siting of subsequent repositories. Such consideration shall take into
account the proximity of sites to locations at which waste is generated or
temporarily stored and at which other repositories have been or are being
developed. :

960.3-1-4 EVIDENCE FOR SITING DECISIONS.

The siting process involves a sequence of four decisions: (1) the
jdentification of potentially acceptable sites: (2) the nomination of sgites as
suitable for characterization: (3) the recommendation of sites as candidate
sites for site characterization: and (4), after the completion of site
characterization and nongeologic data gathering, the recommendation of a
candidate site for the development of a repogsitory. Each of these decisions
will be supported by the evidence specified below.

960.3-1-4~-1 Site Identification as Potentially Acceptable.

The evidence for the identification of a potentially acceptable site
shall be the types of information specified in Appendix IV of this Part. Such
evidence will be relatively general and less detailed than that required for
the nomination of a site as suitable for characterization. Because the
gathering of detailed geologic data will not take place until after the
recommendation of a site for characterization, the levels of information mav
be relatively greater for the evaluation of those gquidelines in Subparts C and
D that pertain to surface-identifiable factors for such site.

The sources of information shall include the literature in the public
domain and the private sector, when available, and will be supplemented 1in
some instances by surface investigations and conceptual engineering design

studies conducted by the DOE. Geologic surface investigations may include the -

mapping of identifiable rock masses, fracture and joint characteristics, and
fault zones. Other surface investigations will consider the agquatic and
terrestrial ecolegy: water rights and uses: topoqraphy: potential offsste
hazards; natural resource concentrations: natioral or State protected
resources: existing transportation systems; meteorology and climatology:
population densities, centers, and distributions; and general socioecornomic
characteristics. . , ’ “

960.3-1-4-2 Site Nomination f¢r Characterization. .

The evidence reﬂired’% support the nomination of a site as suitable for
characterization shall iAclude the types of information specified in_ Appendix
IV of this Part and shall be contained or referenced in the environmental
assessments to be prepared in accordance with the requirements of the Act.
The sources of this information shall include (1) the literature and related
studies in the public domain and the private sector, when available, and
various meteorological. environmental, socioeconomic, and transportation
studies conducted by the DOE in the affected area; (2) exploratory boreholes
in the region of such site, including lithologic logaing and hydrologic and
geophysical testing of such boreholes. laboratory testing of core samples for

[H




69

the evaluation of geochemical and engineering rock pro erties, and chemical
analyses of water samples from such boreholes: (3) surface investigations.
includin eologic mapping and geophysical surve 8, and compilations of
satellite imagery data:; (4) in situ or laborato testing of similar rock
types under expected repository conditions:; (5) evaluations of natural and
man-made analogs of the reposito and its subsystems., such as eothermali

active areas, underqround excavations, and case histories of socioeconomic
___________________s____________________________________________________

cycles in areas that have experienced intermittent ilarge-scale construction
and industrial activities:; and (6) extrapolations of reqgional data to estimate
site-specific characteristics and conditions. The exact types and amounts of
information to be collected within the above cateciries, includin such
details as the specific types of hydrol ic tests. combinations of geophysical

tests, or number of explorato boreholes, "are dependent on the site-specific
needs for the application of the idelines of Subparts C and D, in accordance

with the provisions of this Subpart and the application requirements set forth
in Appendix III of this Part.

The evidence shall also include those technical evaluations that use the
information specified above and that rovide additional bases for evaluatin
the ability of a site to meet the alifying conditions of the idelines of
Subparts C and D. In developing the above-mentioned bases for evaluation, as
may be necessary, assumptions:. that approximate the characteristics or
conditions considered to exist.at] a site., or expected to exist or occur in the
future, may be used. These assimptions will be realistic but conservative
enough to underestimate thes-potential for a site to meet the qualifying
condition of a ideline; that is, the use of such assum tions should not lead
to an exaggeration of the ability of a site to meet the qualifving condition.

960.3-1-4-3 Site Recommendation for Characterization.

The evidence required to support the recommendation of a aite as a
candidate site for characterization shall consist of the evaluations 'and data
contained or referenced in the environmental assessment.for such site, unless
the Secretary certifies that such information, in the absence of additional
preliminary borings or excavations, will not be adequate to satisfv applicable
requirements of the Act.

960.3-1-4-4 Site Recommendation for Repository Development.

The evidence required to support the recommendation of a candidate site
for the development of a repository, after the completion of characterization
activities at such site, shall consist of -the information' specified in . (1)
Section 114(a) of the Act for the comprehensive statement of the basis for

‘such recommendation and (2) Section 114(f) of the Act for the environmental

impact statement.! This evidence shall be obtained by the characterization of
such site, according to the requirements  specified in Section 113(b) of the
Act and in 10 CFR Part 60.11, and by nongeologic data gathering.

[N

960.3-1-5f(4} BASIS FOR SITE EVALUATIONS. : N

Evaluations of individual sites and comparisons between and among sites
shall be based on the postclosure and preclosure guidelines specified in

f‘\g}
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Subparts C and D, respectively. Except for screening for potentially
acceptable sites as specified in Sestion 960.3-2-1, such evaluations shall
place PRIMARY SIGNIFICANCE on the postclosure guidelines and SECONDARY
SIGNIFICANCE on the preclosure guidelines, with each set of guidelines
considered collectively for such purposes.

Both the 'postclosure and the preclosure quidelihu consiszt of a system
guideline or guidelines and corresponding groups of technical guidelines.
[tnd a3 bed ideti sr—Ba) G bhe—tbechnice] sdeli

sapository—performancde.] The postclosure gquidelines of Subpart C contain
gight technical quidelines in one group. [Under]) The preclosure guidelines of
fin] Subpart D [the] contain eleven technical guidelines [a+#e] separated into
three groups that represent, IN DECREASING ORDER OF. IMPORTANCE, (1) preclosure
radiological safety: (2) environment, socioeconomics, and transportation; and
(3) ease and cost of siting, construction, operation, and closure.

The relative significance of any technical guideline to its corresponding
system guideline is site specific. Therefore, for each technical guideline,
an evaluation of compliance with the qualifying condition [(eualifieation or

i i-£-i ion] shall be made in the context of the collection of system
elements and the [available] evidence related to that guideline, considering
on balance the favorable conditions and the potentially adverse conditions

identified at a site. Similarly, for each system guideline, such evaluation’

shall be made in the context of the group of technical guidelines and the
(available] evidence related to that system guideline. For purposes of
recommending sites for development as repositories., such evidence shall
include analyses of expected repository performance to assess the likelihood
of demonstrating compliance with 40 CFR Part 191 and 10 CFR Part 60. in
accordance with Section 960.4-1., [H—the—ewisting—data—for—a—site—ire—not
> . i . ~

.;‘:&e;]““ to s.z:hs!:uutzate .“:h eveiuetions I:i'mz.en e'ﬂ".““" shall-be ba' ]

—ene EGH"E*.& of -the—stte—to meet—the qua.hijsug "'.*d“.“" oi—3 5'“&““"3
“‘.?';g Ippropriate a.nd Eee;‘"*“n’!.”"ﬂ”'!'!“* e—assumpions I That—ray—the E:E

. . . . N . . e'
eondibions ""“j“ad to—eurots ".E'E""d te—enist—or—occur—m the fubn:~°
a:lsush Sirio ]'h"a '".“;'!EE""“ “1;. B ".“]"’f"bh ;EE"E." “":..’." “f a
guiderine.] A site shall be disqualified at_any time during the siting

process if the evidence supports a finding (<etesminatien} by the DOE that (1}
\.a disqualifying condition exists or (2) the qualifying condition of any systgi:
‘or technical guideline cannot be met. ' i
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Comparisons betwsen and among sites shall be based ,on the system
guidelines, to the extent practicable [vith—the—available—evidence] and in
accordance with the levels of relative significance specified above for the
postclosure and the preclosure guidelines. Such comparisons are intended to
allow comparative evaluations of sites in terms of the capabilities of the
natural barriers for waste isolation and to identify innate deficiencies that

mrr———————

could jeopardize compliance with such requirements. If the [available]

evidence for the sites is not adequate to substantiate such comparisons, then
the comparisons shall be based on the groups of technical guidelines under the
postclosure and the preclosure guidelines, considering the levels of relative
significance appropriate to the postclosure and the preclosure guidelines and
the order(e] of importance appropriate to the[+r] subordinate groups within
the preclosure quidelines,

Comparative site evaluations shall place primary importance on the
natural barriers of the site. In such evaluations for the postclosure
guidelines of Subpart C, engineered barriers shall be considered only to the
extent necessary to obtain realistic’ source terms for site evaluations.

For ‘a better understanding of the potantial effects of engineered
barriers on the overall performance of the repository system, these
comparitive evaluations shall consider a range of levels in the performance of
the engineered barriers. That range of performance levels shall varv bv at
least a factor of 10 above and below the engineered-barrier performance
requirements set forth in 10 CFR 60.113, and the range considered shall be
identical for all sites compared. The comparisons shall assume equivalent
engineered-barrier performance for all sites compared and shall be structured
Sso that engineered barriers are not relied upon to compensate for deficiencies
in the geoloqgic media. Furthermore, engineered barriers shall not be used to
(1) compensate for an inadequate site:; (2) mask the innate deficiencies of a
site; (3) disquise the strengths and weaknesses of a _site and the overall
system: and (4) mask differences between sites when they are compared.

Site comparisons performed to support the recommendation of sites for the
development of repositories in Section 960.3-2-4 shall evaluate predicted
releases of radionuclides to the accessible environment. For the purposes of
such comparison, the accessible environment shall consist of the atmosphere,
the land surface, any nearby surface water, and those portions of the
lithosphere that are situated more than 10 kilometers in ‘a horizontal
direction from the outer boundary of the original location of the waste
emplacement in ‘the geologic repository.  Releases of different radionuclides
shall be combined by the methods specified in Appendix A of 40 CFR Part 191,

The comparisons specified above shall consist of two comparative

evaluations that predict radionuclide releases for 100,000 vears after
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repository closure and shall be conductsd:-as follows. First, the sites shall
be compared by means of evaluations that emphasize the performance of the
natural barriers at the site. Sacond, the sites shall be compared by means of
evaluations that emphasize the performance of the total repository system.
These second evaluations shzll (1) consider the expected performance of the
reposito system: (2) be based on the expected performance of waste packages
and waste forms, in compliance with the requirements of 10 CFR 60.113, and on
the expected hydrologic and geochemical conditions at each site; and (3) take
credit for the expected performance of all other engineered components of the
repository system.

The comparison of isolation capability shall be one of the sigm.fxcant
considarations in the recommendation of sites for the devnlogment
repositories. The first of the two coeratJ.ve evaluations specified in the
praceding paragraph shall take precedence unless the second comparative
evaluation would lead to substantially different recommendations. In the
latter case, the ¢two comparative evaluations shall receive comparable
consideration. Sites with predicted isolation capabilities that differ by
less than a factor of 10, with similar uncertainties, may be assumed to

provide equivalent isolation.

960.3-2 SITING PROCESS. ' &

The siting process begins with site screenu;—:; for the identification of
potentially acceptable sites., This process was:- ¢t mgleted for purposes of the
first repository before the enactrner.':u of the Act, ‘and the identification of
such sites was made after ena,':tn.en" ‘m accordance with the provisions of
Section 116(a) of the Act. Thé acreening process for the identification of
potentially acceptable sites[, leading to recommendations] for [sites for
development of] the second and subsequent: reposztorxes[ ] shall be conducted
in accordance with the requirements specszcﬁ in Section 960.3-2-1 of this
Subpart. The nomination of any gite as: m.utable for characterization shall
follow the process specified in Section 260, 3-2-2. and such nomination shall
be accompanied by an environmental assessment as specified in Section

&ad

112(b)(1)(E) of the Act. The recommendatién of sites as candidate sites for

characterization and the recommendation of a characterized site for the
development of a repository shall be accomplished in accordance with the
requirements specified in Sections 860.3-2-3 and 960.3-2-4, respectively.

960.3-2-1 ESITE SCREENING FOR POTENTIALLY ACCEPTABLE SITES.

[To—i . . .
.l E.;° Fdentify 9°'"".“°*: y—scceptable—sites £°l'“d°'°*°9"'°“.b °f; “’;" than
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To identify potentially acceptable sites for the development of other
than the first repository, the process shall beqin with site-screening
activities that- consider large land masses that contain rock formations of
suitable depth, thickness, and lateral extent and have structural, hvydrologic,
and tectonic features favorable for waste containment and igsolation. Within
those large land masses. subsequent site-screening activities shall focus on
successively smaller and increasingly more suitable land units.

This process shall be developed in consultation with the States that
contain land units under consideration. It shall be implemented in a sequence
of steps that first=applies the applicable disqualifving conditions to
eliminate land units on the basis of the evidence specified in Section
960.3~-1-4-1 and in accordance with the application requirements set forth in
Appendix III of this Part. After the disqualifving conditions have been
applied, the favorable and potentially adverse conditions, as identified for
each remaining land unit., shall be evaluated. The presence of favorable
conditions shall favor a given land unit, while the presence of potentially
adverse conditions shall penalize that land unit. Recognizing that favorable
conditions and potentially adverse conditions for different technical
quidelines can exist in the same land unit, the DOE shall seek to evaluate the
composite favorability of each land unit. Land units that, in the aggregate,.
exhibit potentially adverse conditions shall be deferred in favor of land
units' that exhibit favorable conditions. The siting provisions that recuire
diversity of geohydrologic settings and rock types and consideration of
regionality, as specified in Sections 960.3-1-1, 960.3-1-2, and 960.3-1-1,
respectively, may be used to discriminate between land units and to establish
the range of options in sits screening.

8
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identify a site 2as potentially acceptable., the svidence shall support a

Exdin that the site is not dis lified in accordance with the application

requirements set forth in Appendix III of this Part and shall sugart the
decision by the DOE to proceed with the continued investigation of the site on

the basis or the favorable and tentially adverse conditions identified to
date. In continuation of the screenin rocess after such identification and
before site nomination, the DOE ma dlfor from further consideration land

units or potentially acceptable sites: r portions thereof on the basis of

~additional information or by the appli catxon of the siting provisions for

diversity of geohydrologic settings, dwmrsxtg of rock types, and regionality
(Soctxons 960.3-1- 1, 960.3-1-2, and 960.3-1-3, respectively). The deferral

[andioc—elimination] Of potentially a acceptable sites will be described in the
environmental assessments that accompany the nomination of at least five sites
as suitable for characterization.

In order to identify potentially acceptable sites for the second and
subsequent repositories, the Secretary shall FIRST identify the State with:n
which the site is located in a decision-basis document that descnl:ues the
process and the considerations that led to the identification of such site and
that has been issued previously in draft for review and comment by such
State. SECOND., when such document is final, the Secretary shalil notzfy the
Governor “and the legislature of that State and the tribal council of any
affected Indian tribe of the potentially acceptable site,

260.3-2-2 NOMINATION OF SITES AS SUITABLE FOR CHARACTERIZATION

—at—the—completion—of —the—serechning—provess—
From the [&ive] sites [shali—be] identified as potentially acceptable, E-ﬂ-t—ee—
the Secretary shall nominate fpe—suite—ef) at least five sites detuermmed
suitable for site characterization for the selection of each reposxtory sit
For the second repository, at least three of the sites shall not haye been
nominated previously. Any site nominated as suitable for charactenzatlon for
the first repository, but not recommended as a candidate site for
characterization, may not be nommated as suitable for character:.zatxon for
the second reposztory. ;

i i

The nomination of a site as suitable for characterization shall be
accompanied by an environmental assessment as specified in Section
112(b)(1)(E) of the Act. Such nomination shall be based on evaluations in
accordance with the guidelines of this Part, and the bases and relevant
details of those evaluations and of the decision processes involved there:n
shall be contained in the environmental assessment for the site in the manner
specified in this Subpart. The evidence required to support such evaluations

-and siting decisions is specified in Section 960.3-1-4-2.
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960.3-2-2~1 EVALUATION OF ALL POTENTIALLY ACCEPTABLE SITES.

FIRST, in considering sites for nomination, each [@ito—af—the—ouite] of

the potentially acceptable sites [ i
i i Ne——F0PpOoikoriesy] shall be
evaluated on the basis of the disqualifying conditions specified in the
technical guidelines of Subparts C and D, in accordance with the application
requirements set forth in Appendix IIT of this Part. (To—the—axtont
ticabl Tho 12l iderse.] [T e el . .
i ] This evaluation shall support a finding by the DOE that
such site is not disqualified [on-the basis of the available guidence ]

960.3-2-2-2 SELECTICN OF SITES WITHIN GEOHYDROLOGIC SETTINGS.

SECOND, the siting provision requiring diversity of geohydrologic
settings, as specified in Section 960.3-1-1, shall be applied to group all
‘potentially acceptable sites according to their geohydrologic settings.

THIRD, for those geohydrologic settings that contain more than one
potentially acceptable site, the preferred site shall be selected on the basis
of a comparative evaluation of all potentially acceptable sites in  that
setting. This evaluation shall consider the distinguishing characteristics
displayed by the potentially acceptable sites within the setting and the
related guidelines from Subparts C and D. That is, the appropriate quidelines
shall be selected primarily on the basis of the kinds of evidence among sites
for which distinguishing characteristics can be identified. Such comparative
evaluation shall be made on the basis of the qualifying conditions for those
guidelines, considering, on balance, the favorable conditions and potentially
adverse conditions identified at each site. Due consideration shall also be
given to the siting provisions specifying the basis for site evaluations in

Section 960.3-1-5{4], to the extent practicable, and diversity of rock types

in Section 960.3-1-2, if the circumstances so apply.

If less than five geohydrologic settings are available for consideration,
the above process shall be used to select two or . more preferred sites from
those settings that contain more than one potentially acceptable site, as
required to obtain the number of sites to be nominated as suitable for
characterization. For purposes of the second and subsequent repositories, due
consideration shall also be given to the siting provision for regionality as
- specified in Section 960.3-1-3,

. EOURTH, each preferred site within a geohydrologic setting shall be
evaluated [ ; s 5 as to whether such site is
suitable for the development (as] of a repository under the gqualifying
condition of each guideline specified in Subparts C and D that does not
require site characterization (i.e., subsurface geologic, hydrologic, and
geochemical data gathering) as a prerequisite for the application of such

guideline. E;he——1deaf*é*ee%&enr—«aé——eeeh——sueh——gatde%ene& .The quidelines

considered appropriate to this evaluation have been selected on the basis of

their exclusion under (ehall—be—based—eont the definition of site

characterization as specified in Section 960.2. Although the final

R T
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application of thase idelines., in accordance with the provisions set forth
in _Appendix III of this Part, does not require  geologic _data from
site-characterization activities, such application will require additional
data beyond those specified in Appendix IV of this Part, which will be
obtained concurrently with site characterization. _Such quidelines include
those specified in Section 960.4-2-8-2 (Site Ownership and Control) of Subpart
C: Sections 960.5-1(a)(l) and 960.5-1(a){2) of Subpart D (preclosure system
guidelines for radiological safety and environmental quality, sociosconomics,
and transportation): and Section 960.5-2-1 through 960.5-2-7 of Subpart D
(Population Density and Distribution, Site Ownership and Control, Metsorol
Offsite Installations and Operations, Environmental Quality, Socioeconomic
Impacts, and Transportation). This evaluation shall consider on balance those
favorable conditions and potentially adverse conditions identified as such at
a preferred site in relation to the qualifying condition of each such
quideline. For each such quideline, this evaluation shall focus on the
suitability of the site for the development of a repository by considering the
activities from the start of site characterization through decommissioning and
shall support a finding by the DOE in_ accordance with the application
. requirements set forth in Appendix III of this Part.

FIFTH, each preferred site within a geohydrologic setting shall be
gvdluated [ea-the-basis—of-the—available—ovidenes] as.to whether such site is
suitable for site characterization under the qualifying conditions of those
guidelines specified in Subparts C and D that [aFe—dekermined—te] require
fewshd characterization. Such guidelines include those specified in Section
960-4-1 (a) (postclosure system gquideline): Sections 960.4-2-1 through
960.2-8-1 of Subpart C (Geohydrology., Geochemistry, Rock Characteristics,
Climatic Changes, Erosion, Dissolution, Tectonics, Human Interference. and
Natural Resources); Section 0960.5-1(a)(3) (preclosure system guideline for
ease and cost of siting, construction, operation, and closure): and Sections
960.5-2-8 through 960.5-2-11 of Subpart D (Surface Characteristics., Rock
Characteristics, Hydrology, and Tectonics). This evaluation shall consider on
balance the favorable conditions and potentially adverse conditions identified
as such at a preferred site in relation to the qualifying condition [and—the
du@\;\al%ng—md*taom—ﬁ—app&opm] of each such guideline., For ea:zh
such ‘quideline, this evaluation shall focus on the suitability of the site for
characterization and shall support a finding by the DOE in accordance with the
application requirements set forth in Appendix III of this Part.

960.3-2-2-3 COMPARATIVE EVALUATION OF ALL SITES PROPOSED FOR NOMINATION.

SIXTH, for those potentially acceptable sites to be proposed for
nomination, as determined by the process specified in Section 960.3-2-2-2. a
reasonable comparative evaluation of each such site with all other such sites
shall be made. For each site and for each guideline specified in Subparts C
and D, the DCE shall summarize the evaluations and findings specified under
Section 960.3-2-2-1 and under the fourth and fifth provisions of Section
960.3-2-2-2 MW&:&%MWr
WMMWW&MM&%H&%WQ
. ‘. s l l! l o E\k > . ’. .
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site-is-suitable-£or-the-development.. of—a—npoa-to;y—undu—aob—q-uéohao.mt
doss_not-—require sits_chacractarization-—a

auch_guideliza]. Each such summary shall allow comparisons to be made among
sites on the basis of each guideline.

960.3-2-2-4 [GONIRNIS-OF] THE ENVIRONMENTAL ASSESSMENT.

To document the process specified above, and in compliance with Section
112(b)(1)(E) of the Act., an environmental assessment shall be prepared for
sach site proposed for nomination as suitable for characterization. Each such
environmental assessment shall [coatain.{l)] describe the decision process by
which such site was proposed for nomination as descriped in the preceding .ix
steps and shall contain or reference the evidence that supports such process
according to-the requirements of Section 960.3-1-4-2 and Appendix IV of this

Part. [4&3—the—sualuations—that—led—to—tho—midontification—of—the—aite—as
punmuy-acupuble -And - Lo—-the—determiRation—thet—suech—site—and—other—suen
M%Hm&a%ﬁ%ﬂ%@f—&h—mﬁb&*ﬁdﬂeﬁ—@w

As peurther] specified in the Act, each feueh] environmental assessmenc
shall include (1) an evaluation of the effects of the site-characterizat:on
activities at the site on public health and safety and the environment: (2) a
discussion of alternative activities related to site characterization that may
be taken to avoid such impacts; and (3) ‘an assessment of the regional and
local impacts of locat:ing a repository at the site.

The draft environmental assessment for each site proposed for nominzs:on
as suitable for characterization shall be made availabie by the DCE for pubi:z
comment after the Secretary has notified the Governor and legislature of ths

State in which the site is located, or the governing body of the af‘e::e:
Indian tribe where such site is located, as the case may be, of such impend:ing
availability.

960.3-2~2-5 FORMAL SITE NOMINATION.

After the final environmental assessments have been prepared, the
Secretary shall nominate at least five sites that he determires suitable for
site characterization for the selection of a repository site, and. in so
doing, he shall cause™ to have published in the FEDERAL REGISTER a notice
specifying the sites so nominated and announcing ‘the availability of the final




78

environmental assessmants for such sites. This determination by the Secretary
shall be based on the final environmental assessments for such sites,
including. in particular, consideration of the available evidence,

evaluations, and the resultant findings for the quidelines of Subparts C and D

so_specified under the fourth and fifth provisions of Section 960.3-2-2-2.
Before nominating a gite, the Secretary shall notify the Governor and

legislature of the State in which the site' is located, or the governing body
of the affected Indian tribe where such site is located, as the case may be,
of such nomination and the basis for such nomination.

960.3-2~3 RECOMMENDATION OF SITES [M—SUITABLE] FOR _CHARACTERIZATION.

After the nomination of at least five sites as suitable for site
characterization for the selection of the first repository, the Secretary
shall recommend in writing to the President not less than three candidate
sites for such characterization. The recommendation decision shall be based
on (1) the available geophysical, geologic, geochemical, and hydrologic data:
{2) other information: [emd] (3) associated evaluations and findings reported
in the environmental assessments accompanying the nominations; and f[ead (4)
the considerations specified below, unless the Secretary certifies that such
available data will not be adequate to satisfy applicable requirements of the
Act in the absence of further preliminary borings or excavations. Such
recommendation decision shall include a preliminary determinaticon by the
Secretary, referred to in Section 114(f) of the Act, that such sites are
suitable for the development of repositories under the guidelines of Subparts
C and D.

On the basis of the available evidence and in accordance with the siting

provision specifying the basis for site evaluations in Section 960.3-1-5(4].
the sites nominated as suitable for characterization shall be considered as to
their order of preference as candidate sites for characterization.
Subsequently, the siting provisions specifying diversity of geohydrologic
settings, diversity of rock types, and, after the first repository,
consideration of regionality in Sections 960.3-1-1, 960.3-1-2, and 8$60.3-1-3,
respectively, shall be considered to determine a.final order of preference for
the characterization of such sites. Considering this order of preference
together with the available siting alternatives specified in the Act, the
sites recommended as candidate sites for characterization shall offer, on
balance, the most advantageous combination of characteristics and conditions
for the successful development of repositories at such”sites.

The process PFef] for the recommendation of sites as candidate sites for
characterization for the selection of any subsequent repository shall be the
same as that specified above for the first repository. !

960.3-2-4 RECOMMENDATION OF SITES FOR THE DEVELOPMENT OF REPOSITORIES.

After completion of site characterization and nongeologic data gathering”

activities at [met—lese—than—th+ee] the candidate sites for the development of
the first repository, or from all of the characterized sites for the
development of subsequent repositories, the candidate sites shall be compared
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with each other on the basis of the guidelines specified in Subparts C and D.

[um%m—mm—mmxw%m
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. ] This comparison shall lead to a
recommendation by the Secretary to the President of a site for the development
of a repository.

Together with any recommendation to the President to approve a site for
the development of a repository, the Secretary shall make available to the
public, and submit to the President, a comprehensive statement of the.basis of
such recommendation pursuant to the requirements specified in Section
114(a)(1) of the Act, including an environmental impact statement prepared in
accordance with the provisions of Sections 114(a)(1)(D) and 114(f) of the
Act. The environmental impact statement shall include the results of the
comparative evaluation specified above and a description of the decision
process that resulted in the selection of the candidate site recommended for
the development of such repository.

960.3~3 CONSULTATION.

The DOE shall provide to designated officials of the affected States and
to the governing .hodies of any affected Indian tribe timely and complete
information rega..c‘mq determinations or plans made with respect to the siting,
site characterizatiew, design, development, construction, operation, closure,
decommissioning, licensing, or regulation of a repository. Written responses
to written requests for information from the designated officials of affected
States or affected Indian tribes will be provided within 30 days after receipt
of the written requests. .

In performing any study of an area for the purpose of determining the

suitability of such agea for the development of a repository, the DOE shall .

consult and cooperate with the Governor and the legislature of an affected
State and the governing body of an affected Indian tribe in an effort to
resolve concerns regarding public health and safety, environmental impacts,
socioeconomic impacts, and technical aspects of the siting process. After
notifying affected States or affected Indian tribes that potentially
acceptable sites have been identified, or that a site has been approved for
characterization, the DOE shall seek to enter into bmdmg written agreements
with such affected States or affected Indian tribes in accordance with the
requirements of the Act.

The DOE shall also consult, as appropriate, with other Federal agencies.

960.3-4 ENVIRONMENTAL IMPACTS.

Environmental impacts shall be considered by the DOE throughout the site
characterization, site selection, and repository development process. The DOE
shall mitigate significant adverse environmental impacts, to the -extent
practicable, during site characterization and repository construction,
operation, closure, and decommissioning.

o/
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|SUBPART C--POSTCLOSURE GUIDELINES.

960.4 POSTCLOSURE GUIDELINES.

The guidelines in this Subpart specify the factors to be considersd in
evaluating and comparing sites on the basis of expectad repository performance
after closure. The postclosure guidelines are separated into a system
guideline and eight technical guidelines. The system gquideline establishes
waste containment and isolation requirements that are based on NRC and EPA
regulations. These requirements must be met by the repository system, which
. +eonsiose—ef) contains natural barriers and engineered barriers. The
engineered barriers will be designed to complement the natural barriers, which
provide the primary means for waste isolation.

960.4-1 SYSTEM GUIDELINE.

(a) QUALIFYING CONDITION.

The geologic setting at the site shall allow for the physical separation
of radicactive waste from the accessible environment . after closure in
accordance with the requirements of 40 CFR Part 191, Subpart B, as implemented
by the provisions of 10 CFR Part 60. The geologic setting at the site will
allow for the use of engineered barriers to ensure compliance with the
requirements of 40 CFR Part 191 and 10 CFR Part 60 (see Appendix. I of this
Part).

960.4-2 TECHNICAL GUIDELINES.

The technical guidelines in this Subpart set forth qualifying, favorable,
potentially adverse, and, in five [fews) guidelines, disgqualifying conditiors
on the characteristics, processes, and events that may influence the
performance of a repository system after closure. [ Fhese—eondrtions—ane

I . | E N ] The [ . . - "'- . - I3 . . g

es—weli—-e=] favorable conditions and the potentially adverse conditions under
each guideline are NOT listed in any assumed order of importance. Potentially
adverse conditions will be considered if they affect waste isolation with:in

the controlled area even though such conditions may occur outside the
controlled area. s

i



The technical gquidelines that follow establish conditions that shall be
considered in determining compliance with the qualifying condition of the
postclosure system guideline. For each technical guideline, an evaluation of
qualification or disqualification shall be made in accordance with the
requirements specified in Subpart B [Sece*en-ééévé-é-+]

[GHhRﬁG;ERiSrrGS—4dG}—BEQGeSS5SqhFFGG¥1NG—ENﬂEG;EQ—REPGS§¥GR¥—PERFGRHAEGG ]

960.4-2~1 GEOHYDROLOGY

(a) QUALIFYING CONDITICN.

‘The preseat and expected geohydrologic setting of. a site shall be
compatible with waste containment and isolation. The geohydrologic setting,
considering the characteristics of and the processes operating within the
geologic setting, shall -permit compliance with (1) the requirements specified
in Section 960.4-1 for radionuclide releases to the accessible environment and
(2) the requirements specified in 10 CFR 60.113 for radionuclide releases from
the engineered-barrier system using reasonably available technology. .

(b) FAVCRABLE CONDITIONS.

(1) Site conditions such that the pre-waste-emgpiacement ground-water
travel time along any path of likely radionuclide travel £from the
disturbed zone to the accessible environment would be more than
10,000 years. : 3
(2) The natufe and rates of hydrologic processes operating within the
geologic .setting during the Quaternary Period would, if continuec
into the future, not affect or would favorably affect the ability of
the geologic repository to isolate the waste during the next 100.000
years. .

(3) Sites that . have stratigraphic, structural, ahd, hydroiggi¢”
features . such. that the geohydrologic system can be readily
characterized and modelad with reasonable certainty. '




PR UL

87

(4)F83 For disposil in the saturated zone, at least one of the
following pre-waste-emplacement conditidns exists:

(i) A host rock and immediately surrounding geohydrologic units
with low hydraulic conductivities.

(ii) A downward or predominantly horizontal hydraulic gradient
in the host rock and in the immediately surrounding gecohydrologic
units. ,

(iii) A low hydraulic gradient in and between the host rock and
the immediately surrounding geohydrologic units. ’

(iv) High effective poreosity together with low hydraulic
conductivity in rock units “along caths of likely radionuclide
travel between the host rock and the accessible environment.
—=co s DeLueen thie NosSt rock and the accessible environment

15)#6+ For disposal in the unsaturated zone, at least one of the
‘following pre-waste-emplacement conditions exists:

(i) A low and nearly constant degree of saturation in the host
rock and in the immediately surrounding geohydrologic units.,

(ii) A water table sufficiently .below the underground facility
such that the capillary fringe does not encounter the host rock.

(iii) A geohydrologic unit above the host rock that would divert
the downward infiltration of water beyond the limits of the
emplaced waste.

(iv) A host rock that provides for free drainage.
(v) A climatic regime in which the average annual historical

precipitation is a small fraction of the average annual potential
evapotranspiration. 0

Note: The DOE will, in accordance with the general principles °

set forth in Section 960.1 of these requlations, revise the
guidelines, as_ necessary, to ensure consistencvy with the final
NRC requlations on the unsaturated zone, which were published as
a proposed rule on February 16, 1984, in 49 Federal Register 5933.

:””*;“,’.“*?’ otens - ’“”"“—“4“’.” P —Fadionuclid e

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) Expected changes in geohydrologic conditions-~such as changes in
the hydraulic gradient, the hydraulic conductivity, the effective
porosity, and the ground-water flux through the host rock and the
.surrounding geohydrologic units--sufficient to significantly increase

/
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the ‘transport of radionuclides to the accessible environment as
compared with pre-waste-emplacement conditions.

(2) The presence of ground-water sources, suitable for érop
irrigation or human consumption without treatment, along ground-water
flow paths from the host rock to the accessible environment.

(3) The presence in th2 geclogic setting of stratigraphic or
structural features--such as dikes, sills, £faults, shear zones,
folds, dissolution effects, or brine pockets--if their presence could
significantly contribute to the difficulty of characterizing or
modeling the geohydrologic system.

'(d) DISQUALIFYING CONDITION.

A site shall be disqualified if the pre-waste-emplacement ground-water
travel time from the disturbed zone to the accessible environment is expected
to be less -than 1,000 years along any pathway of 1likely and significant
radionuclide travel. i

860.4-2-2 GECCHEMISTRY.

(a) QUALIFYING CONDITION. :

The present and expected geochemical characteristics of a site shall be
compatible with waste containment - and isolation. Considering the likely
chemical interactions among radionuclides, the host rock, and the ground
water, the characteristics of and the processes operating within the geologc:ic
ssrting shall permit compliance with (1) the requirements specxf;ed in Sect:ion
950.4-1 for radionuclide releases to the accessible environment and (2) the
requirements specified in 10 CFR 60.113 for radionuclide releases from the

_engineerad-barrier system using reasonably availakle technology.

14

(b) FAVORABLE CONDITIONS.

b

(1) The nature and rates of the geochemical processes operating
within the geologic setting during the Quaternmary Period would, if
continued into the future, not affect or would favorably affect the
ab111ty of the geologic repository to isolate the waste during the
next 100,000 years.

(2) Geochemical cpnditions that promote the precipitation, diffusion
., into the rock matrix, or sorption of radionuclides; inhibit the
formation of particulates, colloids, inorganic complexes,.or organic
complexes that increase the mobility of radionuclides: or imhibit the
transport of radionuclides by particulates, colloids, or complexes.
N : . ‘ p

)
7
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(3) Mineral assemblages that, when subjected to expected repository
conditions, would remain unaltered or would alter to minaral
assemblages with equal or increased capability to retard radionuclide
transport.

(4) A combination of expected geochemical conditions and a volumetric
flow rate of water in the host rock that would allow less than 0.001
percent per year of the total radionuclide inventory in the
repository at 1,000 years to be dissolvad.

(5) Any combination of geochemical and physical ratardation processes
that would decrease the (proseeted] predicted peak cumulative
releases of radionuclides to the accessible environment by a factor
of 10 as compared to those [pse3eesed) predicted on the basis of
ground-water travel time without such retardation.

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) Ground-water conditions in the host rock that could affect the"

solubility or the chemical reactivity of the cngineered-ba;rzgf
system to the extent that the expected repository performance could
be compromised. i 7

(2) Geochemical processes or conditions that could reduce the
sorption of radionuclides or degrade the rock strength.

(3) Pre-waste-emplacement ground-water conditions in the host rock
that are chemically oxidizing. ‘

960.4-2-3 ROCK CHARACTERISTICS. My,

{a) QUALIFYING CONDITION.

The present and expected characteristics of the host rock and surrounding
units shall be capable of accommodating the thermai, chemical, mechanical, and
radiation stresses expected to be induced by repository construction,
operation, and closure and by expected interdctions among the waste, host
rock, ground water, and engineered components. The characteristics of and the
processes operating within the geologic setting shall permit compliance with
(1) the requirements specified in Section 960.4-1 for radionuclide releases to
the accessible environment and (2) the requirements set forth in 10 CFR 60.113
for radionuclide releases from the engineered-barrier system using reasonably
available technology. :

1

(b) FAVORABLE CONDITIONS. ]

I
(1) A host rock that is sufficiently thick and laterally extensive to

allow significant flexibility in selecting the depth, configuratior.
and location of the underground facility to!ensure isolation.

(2) A host rock with a high thermal conduétivity, a lbw coefficient
of thermal expansion, or sufficient ductility  to " seal ‘fractures
induced by repository construction, operation, or “closure or by

Y]
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interactions among the waste, host rock, ground water, and engineered
components.

(c) POTENTIALLY ADVERSE CONDITIONS.

{1) Rock conditions that could require engineering measures beyond
reasonably available technology for the construction. operation, and
closure of the repository, if such measures are necessary to ensure
waste containment or isolation.

(2) Potential for such phenomena as thermally induced fractures, the
hydration or dehydration of mineral components, brine migration, or
other physical, chemical, or radiation-related phenomena that could
be expected to affect waste containment or isolation.

©

(3) A combination of geologic structure, geochemical and thermal

properties, and hydrologic conditions in the host rock and .

surrounding units such that the heat generated by the waste czou.d
significantly decrease the isolation provided by the host rock as
compared with pre-waste-emplacement conditions.

[WWWHMJ

960.4-2-4 CLIMATIC CHANGES.

(a) QUALIFYING CONDITION.

The site shall be located where future climatic conditions will not ke
likely to lead to radionuclide releases greater than those allowable under thze
requirements specified in Section 960.4-1. ‘

In [preyeeting] predicting the likely future climatic conditions at a
site, the DOE will consider the global. regional, and site climatic patterns
during the Quaternary Period, considering the geomorphic evidence of the
climatic conditions in the gedlogicsetting.

(b) FAVORABLE CONDITIONS.

(1) A surface-water system such that _expééted climatic cycles over
_ the next 100.000 years would not adver§e}.y affect waste isolation.

2y a ged)lqgic sé:ting in which climatic changes have had litele
effect on the hydrologic system throughout the Quaternary Period.

(c) POTENTIALLY ADVERSE CONDITIONS.
(1) Evidence that the water table could rise sufficiently over the

next 10,000 years to saturate the underground facility in a

previously unsaturated host rock. , :

(2) Evidence that climatic changes over the next 10,000 years couid
cause perturbations in the hydraulic gradient, the hydraul:c
conductivity, the effective porosity, or the ground-water flux
through the host rock and  the surrounding geohydrologic wunits,

)
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sufficient to significantly increase the transport of radionuclides
to the accessible snvironmant.

960.4-2-5 EROSION.

(a) QUALIFYING CONDITION.

The site shall allew the underground facility to be placed at a depth
such that erosional processes acting upon the surface will not be likely to
lead to radionuclide releases greater than those allowable under the
requirements specified in Section 960.4-1. : ‘

In ([peejeesing] predicting the likelihood of potentially disruptive
erosional ‘processes, the DOE will consider the climatic, tectonic, and
geomorphic evidence of rates and patterns of erosion in the geologic setting
during the Quaternary Period. ‘ :

{b) FAVORABLE CONDITIONS.

(1) Site conditions that permit the emplacement of waste at a depth
of at least 300 meters below the directly overlying ground surface.

(2) A geologic setting where the nature and rates of the erosional
processes that have been operating during the Quaternary Period are
{peejecsed]) predicted to have less than one chance in 10,000 over the
next 10,000 years of leading to releases of radionuclides to the
dccessible environment.

{3) Site conditions such that waste exhumation would not be expected
to occur during the first one million years after repository closure.

(c) PCTENTIALLY ADVERSE CONDITIONS.

{1) A geologic setting that shows evidence of: [swetained] extreme
erosion during the Quaternary Period.

{2) A geologic setting where. the nature and rates of geomorphic
processes that have been operating during the Quaternary Perioc
could, during the first 10,000 years after closure, adversely affec:
the ability of the geologic repository to isolate the waste.

(d) DISQUALIFYING CONDITION.

The site shall be DISQUALIFIED if site conditions do not allow all
portions of the underground facility to be situated at least 200 meters beiow
the directly overlying ground surface.
960.4-2-6 DISSOLUTION.

(a) QUALIFYING CONDITION.

il

T%e site shall be located such that any subsurface rock dissolution will
not be likely to lead to radionuclide releaszs greater than those allowable
under the requirements specified in Section 960.4-1.

R

B



92

In [pfaseee=ng] predicting the likelihood of dissolution within the
geologic setting at a site, the DOE will consider the evidence of dissolution
within that setting during the Quaternary Period. including the locations and
characteristics of dissolution fronts or other dissolution features, :f
identified.

(b) FAVORABLE CONDITION.

No evidence that the host rock within the site was subject to
significant dissolution during the Quaternary Period.

(c) POTENTIALLY ADVERSE CONDITION.

Evidence of significant dissolution within the gqeologic  setting
(ei4e]--such as breccia pipes, dissolution cavities, significant
volumetric reduction of the host rock or surrounding strata, or any
structural collapse--such that a hydraulic interconnection leading to
a loss of waste isolation (ho&uoon—ﬁho—aoea-400&-aad—aa—+anoa.a¢eru

surrounding . cochpdrologic.undt] could occur.
(d) DISQUALIFYING CONDITION. s

.The site shall be DISQUALIFIED if it is likely that, during the first
10 000 years after closure. active dzssolutxon [&fone—~*+4—eaa9e—e—n~dfe&rre

iuamq, as predxcted on the basxs of the geoloqxc record. would resa‘t in a

loss of waste isolation. [sweR—that—the—Foqui-roRdRte——GCoIirired—iriaediior
Sk GFPARO T o—ak | .

960.,4-2~7 TECTONICS.

(a) QUALIFYING CONDITION.

The site shall be located in a geologic setting where future tectonic
processes or events will not be likely to lead to radionuclide releases

-

.greater than those allowable under the requirements specarfied 1in Secti:ion
.960.4-1.

In [(peedeesinad] predicting the likelihood of potentially disrupt:ive
tectonic processes or events, the DOE will consider the structural.
stratigraphic, geophysical, and seismic evidence for the nature and rates of

‘" tectonic processes and events in the geologic setting during the Quaternary
.Period. o

(b) FAVORABLE CONDITION.

The nature and rates of igneous activity and tectonic processes (such
as uplift, subsidence, faulting, or folding), if any, operating
within the geologic setting during the Quaternary Period would, 1 £
continued into the future, have less than one chance in 10,000 over
the first 10,000 years after closure of leading to releases of
radionuclides to the accessible environment.
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(c) POTENTIALLY ADVERSE CONDITIONS.

(1) Evidence of active folding, faulting, diapirism, uplife,
subsidence, or other tectonic processes or igneous activity within
the geologic setting during the Quaternary Period.

(2) Historical earthquakes within the geologic setting of such
magnitude and intensity that, if they recurred, could affect waste
containment or isolation.

{3) Indications, based on correlations of sarthquakes with tectonic
processes and features, that either the frequency of occurrence or
the magnitude of earthquakes within the geologic setting may increase.

(4) More-frequent occurrences of earthquakes or earthquakes of higher
magnitude than are representative of the region in which the geologic
setting is located.

(S) Potential for natural phenomena such as landslides, subsidence,
or volcanic activity of such magnitudes that they could create
large-scale surface-water impoundments that could change the regional
ground-water flow system. .

(6) Potential for tectonic deformations--such as uplift, subsidence,
folding, or- faulting--that could adversely affect the regional
ground-water flow system.

(d) DISQUALIFYING ZCNUITION.

A site shall be disqualified if, based on the geologic record during the
Quaternary Period, the nature and rates of Ffault movement or other ground
motion are expected te be such that a loss of waste isolation 1s likelv to
occur.

960.4-2-8 HUMAN INTERFEREMNCE. 8

The site shall be located such that activities by future generations at
or near the site will not be likely to affect waste containment and
isolation. In assessing the likelihood of such activities, the DOE will
consider the estimated effectiveness of the permanent markers and records
required by 10 CFR Part 60, taking into account site-specific factors, as
stated in Sections 960.4-2-8-1 and 960.4-2-8-2, that could compromise their
continued effectiveness.

960.4-2-8-1 NATURAL RESOURCES.

(a) QUALIFYING CONDITION.

The site shall be located such that--considering permanent markers and
records arnd reasonable projections of wvalue, scarcity, and technology--the
natural resources, ® including ground water suita@ie for crop irrigation or
human consumption without treatment, present at or near the site will not be
likely to give rise to interference activities that would lead to radioriuclide
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releases greater than those allowable under the requifementa* specified in
Section 960.4-1. . o

(b) FAV~~\BLE CONDITIONS.

{1) No known natural resources that have or are projected to have in
the foreseeable future a wvalue great enough to be considered 2
commercially extractable resource.

{2) Ground water“with 10,000 parts per million or more of total
dissolved solids along any path of likely radionuclide travel to the
accessible anvironment.

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) Indications that the site contains naturally dcecurring materials,
whether or not actually identified in such form that (i) economic
extraction is potentially feasible -during the foreseeable future or
(ii) such materials have a greater gross value,” net value, or
commerzial potential than the average for other areas of similar size
that are representative of, and located in, the geologic setting.

(2) Evidence of [eiamii+eant]) subsurface mining or extraction for
resources within the site if .it could affect waste containment or
isolation.

(3) Evidence of drilling within the site for any purpose other than
repository-site evaluation to a depth sufficient to affect waste
contalnment and isolation.

(4) vadvnce of a significant concentration of any naturélly
occurring material that is not widely available from other sources.
N

Y
-{5) Potential for foreseeable human activities-~such as ground-water
withdrawal,) extensive irrigation, subsurface 1injection of fluiis,
underground! pumped storage, military activities, or the consiruct.on

of large- %rale surface-water impoundments--that could adver---y
change portions of the ground-water flow system important to waste
isolation. H
g ﬁ 7
"~ (d) DISQUALIFYING CONDITIONS. s
e

Y4
A site shall be disqualified if-- .

1) hk-o+b0-a&a%&—be—*haqua&+£&od—+&] Previous explorat;on, mining, or

extract;on activities for resources of commercial importance at the site have
created significant pathways between the projected underground facility and
the accessible environment: or

(2) Ongoing or likely future activities to recover presently valuable
natural mineral resources outside the controlled area ‘would be expected to

lead to an inadvertent loss of waste isolation.

Q.

e
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960.4-2-8-2 SITE OWNERSHIP AND CONTROL.

(a) QUALIFYING CONDITION.

The site shall be located on land for which the DOE can obtain, in
accordance with. the requirements of 10 CFR Part 60, ownership, surface and
subsurface rights, and control of access that are required in order that
potential surface and subsurface activities at the site will not be likely to
lead to radionuclide releases greater than those allowable under the
requirements specified in Section 960.4-1.

(b) FAVORABLE CONDITION.

Present ownershig”and control of land and all surface and subsurface
rights by the DOE.

(c) POTENTIALLY ADVERSE CONDITION.

Projected land-ownership conflicts that cannot be successfully
resolved through wvoluntary purchase-sell agreements, nondisputed
agency-to-agency transfers of title, or Federal condemnation
proceedings. ‘

S

e S
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DOE_REVISIONS

SUBPART D--PRECLOSURE GUIDELINES--OF THE SITING GUIDELINES

OF NOVEMBER 18, 1983

o
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SUMMARY OF THE REVISIONS TO SUBPART D

The following is the line-in/line-out revision of Subpart D--PRECLOSURE
GUIDELINES--of the DOE siting guidelines of the November 18, 1983. Additions
to that version are underlined. To avoid confusion, all words, phrases, or
headings that were underlined ir the November 18, 1983, version have now been
replaced by capital letters with underlining. Deletions are enclosed in

brackets and crossed out, as for example [Seerecosnemis—parameters—thas, .. ).

Additions include the insertion of disqualifying conditions under Section
960.5~2-4(d) (OFFSITE INSTALLATIONS AND OPERATIONS), Section 960.5-2-6(d)
(SCCIOECONOMIC IMPACTS), Section 960.5-2-10(d) (HYDROLOGY), and Section
960.5-2-11(d) (TECTONICS), corresponding to "atomic enerqgy defense
activities," "proximity to water supplies and the effect upon the rights of
users of water,” "hydrology." and "seismic activity," respectively, of Section
112(a) of the Act. Furthermore, the disqualifier under Section
960.5-2-5(d)(3) (ENVIRONMENTAL QUALITY) has been revised to include
“components of...National Forest Lands." according to Section 112(a) of the
Act. Disqualifying cong}tions for "proximity to populations.," "proximity to
components of the Natiorial Park System," and "geophysics" (in the broad sense
of the meaning of the term) of Section 1l2(a) of the Act currently exist in
Section 960.5-2-1(d) (POPULATION DENSITY AND DISTRIBUTION), Section
960.5~2-5(d) (ENVIRONMENTAL QUALITY), and Section 960.5-2-9(d) (ROCK
CHARACTERISTICS), respectively, of the November 18, 1983, version of the
siting guidelinec. .

Deletions include the removal of explanatory language on types of
information under the qualifying condition of Section 960.5-2-6(a)
{SOCIOECONOMIC IMPACTS), because such types of information are now proposed
for inclusion under Appendix D--Tvpes of Information for the Nomination of
Sites as Suitable for Characterization: and of various phrases in the
qualifying condition of Section 960.5-2-3(a) (ENVIRONMENTAL QUALITY).
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SUMMARY OF THE REVISIONS TO SUBPART C

Attached is the line-in/line-out revision of Subpart C~-POSTCLOSURE
GUIDELINES~-of the DOE siting guidelines of the November 18, 1983.- Additions
to that version are underlined. To avoid confusion, all words, phrases, or
headings that were underlined in the version of November 18, 1983, version
have been replaced by capital letters with underlining. Deletions are

enclosed in brackets and crossad out, as for example tFhe—geoiogic—reponiteny
shieoneiat—rtrrr], .

Additions include the insertion of disqualifying conditions in Section
960.4~2-7(d) (TECTONICS) and Ssction 960.4-2-8-1(d)(2) (NATURAL RESOURCES ) .
corresponding to "geophysics" (in tne broad sense of the term) and "location
of valuable natural resources," respectively, of Saction 112(a) of the Act.
The disqualifying condition in Section 960.4=-2~1(d) (GEQHYDROLOGY) ,
corresponding to "hydrology" in Section 112(a) of the Act, has been revised to
delete the exclusionary language relating te the characteristics and
conditions of the geologic setting that would limit potential radionuclide
releases to the accessible environment. The disqualifying condition for
Section 960.4-2-6(d) (DISSOLUTION), corresponding to the broad sense of
"geophysics” in Section 112(a) of the Act, has been revised to delete its

- connection to the system guideline of Section 950.4-1(a).

The system guideline of Section 960.4-1(a) has been revised to clarify
the use of engineered barriers in a geologic repository.

A fourth favorable condition for the saturated zone has been added to
Section 960.4-2-1(b)(4), as related to "high effective porosity together with
low hydraulic conductivity...," and the former 960.4-2-1(b)(4) for "high
effective porosity" has been deleted. Added to Section 960.4-2-1(b)(5) is a
note that commits the DOE to a future revision of the guidelines to ensure
consistency with the final regulations of the NRC for the unsaturated zone.
Section 960.4-2-1(b)(7), dealing with “ground water with 10,000 parts per
million or more of total dissolved solids." has been moved to the favorable .°
conditions under 960.4-2-8-1(b)(2).

Deletions include the removal of (1) language that groups the postclosure
guidelines under the categories of "characteristics and processes affecting
expected repository performance” and "potentially disctuptive processes and
events”: (2) the term “"sustained" from Section 960.4-2-5(c)(1); and (3) the
term "significant" from Section 960.4-2-8-1(c)(2). The term "site" has been
replaced by “geologic setting" in 960.4-2-6(c), and language has been added to -
960.4-2 to consider potentially adverse conditions outside the controlled area
if such conditions may affect waste isolation within the controlled area.

VR L e e TR e



RRY—

S ()

SUBPART D~-PRECLOSURE GUIDELINES.

960.5 PRECLOSURE GUIDELINES.

The guidelines in this Subpart specify the factors to be considered in
-evaluating and comparing sites on the basis of expected repository performance
before closure. The preclosure guidelines are separated into three system

gu:.delmes and eleven technical quxdelmes. ['}'he—orm'n—gmde-h-neg—eeeabi-ﬂh

960.5-1 SYSTEM GUIDELINES.

(a) QUALIFYING CONDITIONS.

[T‘I . lj"’.; . ’. . I i . l ‘:I. l . ]

(1) PRECLOSURE RADIOLOGICAL SAFETY. Any projected radiological
exposures of the general public and any projected releases of radioactive
materials to restrzcted and unrestricted areas during repository operation and
closure shall meet/the applicable safety requirements set forth in 10 CFR Part
20, 10 CFR Part ‘[aO and 40 CFR 181, Subpart A (see Appendix [ II of this
Part).

‘a’ Lo eng!'H!mm WROG——E R LoRn ) I V.- SV Al colaoscas o
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m&s?nro-:b;nﬂ A?nrg?innc chall ke nﬂnz-‘lnpta_n\ in nmgli;nf-n u\';h :?{-‘Liﬁ:'*'_n
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(2) ENVIRCONMENT, SOCI OECONOMICS AND TRANSPORTATION. During
repository siting, construction, .operation., closure, and decommissioning the
public and -the environment shall be adeqguately protected from the hazarcis
posed by the disposal of radioactive waste. u

"

»
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(3) EASE _AND COST OF SITING, CONSTRUCTION, OPERATION, AND CLOSURE.

[Sheorposimsseimesopethemeime]) Repository siting, construction, operation, and
closure shall be demonstrated to be technically feasible on the basis of

reasonably available technology, and the associated costs shall be
demonstrated to be reasonable relative to other avaxlable and comparable
siting options. ~

(The—system—eolements—portinent—to—this —guidelHine—avo—H)—the—site
eharacteristies—that—influence—these—aetivities: —{H—rthe—engrnesring
om&dmma&r-mmu;&y—and—senu;e uquanmt-s—mc«essa-sy—:o—coaducz—mm

960.5-2 TECHNICAL GUIDELINES.

The technical guidelines in this Subpart set forth qualifying, favorable,
potentially adverse, and, in seven (4nmee] guidelines, disqualifying
conditions for -the characteristics, processes, and events that influence the
suitability of a site relative to the preclosure system guidelines. These
conditions are separated into three main groups|——coRsisiont—with—the—oystem
gudsl-a.m—t,o—uh;ch—;m?—ulm] (1) preclosure radiological safety; (2)
environment, sociceconomics, and ttansportat:.on. and (3) ease and cost of
siting, construction, operation, and closure. The first \‘group includes
conditions on population density and distribution, site ownership and control.
meteorology, and offsite installatiorns and operations. The: second group
includes conditions related to environmental quality and sogioeconomic impacts
in areas potentially affected by a repository and to the transportation of
waste to a repository site. The third group includes conditions on the
surface characteristics of the site, the characteristics of the host rock and
surrounding strata, hydrology, and tectonics. The individual technical
guidelines within each group, as well as the favorable conditions and the
potentially adverse conditions under each guideline, are NOT listed in any
assumed order of importance. :

The technical guidelines that follow establish conditions that shall be
considered in determining compliance with the qualifying condztxons of the
preclosure system guidiflines. For each techniczl guideline, an evaluation of
qualification or disqualification ‘shall be made in accordance with the
requirements specified in Subpart B [Seettom—9&68-3—i—4]. ‘
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PRECLOSURE RADIOLOGICAL SAFETY.

960.5-2-1 POPULATION DENSITY AND DISTRIBUTION.

(a) QUALIFYING CONDITION.

{f

The site shall be located such that, during repository operation and
closure, (1) the expected average radiation dose to members of the public
within any highly populated area will not be likely to exceed a small fraction
of the 1limits allowable under the requirements specified in Section
960.5~1(a) (1), and (2) the expected radiation dose to any member of the public
in an unrestricted area will not be likely to exceed the limits allowable
under the requirements specified in Section 960.5-1(a)(1).

(b) FAVORABLE CONDITIONS.

(1) A low population density in the general region of the site.
(2) Remoteness of the site from highly populated areas.

{c) POTENTIALLY ADVERSE CONDITIONS.

(1) High residential, seasonal, or daytime population dehsity within
the projected site boundaries.

(2) Froximity of the site to highly populated areas, or to areas
having at least 1,000 individuals in an area 1 mile by 1 mile as
defined by the most recent decennial count of the U.S. census.

(d) DISQUALTIFYING CONDITIONS.

A site shall be DISQUALIFIED if:

(1) A:iy surface facility of 2 repository would be l'ocateg} in a highly
populated area: or

(2) Any surface facility of a repository would be located adjacent to
an area 1 mile by 1 mile having a population of not less than 1,0CC
individuals as enumerated by the most recent U.S. census: or

(3) The DOE could not develop an emergency jgreparedness program which
meets the requirements specified in DOE Order 5500.3 (Reactor and
Non-Reactor Facility Emergency Planning, Preparedness, and Resporse
Program for Department of Energy Operations) and related guides or.

when issued by the NRC,  in 10 CFR 60, Subpart I, "Emergency Planning
Criteria."

960.5-2-2 SITE OWNERSHIP AND CONTROL.

(a) QUALIFYING CONDITION.

The site shall be. "ékocated on land for which the DOE can obtain, in
accordance with the req\.\‘:{@ents of 10 CFR 60.121, ownership., surface and
subsurface rights, and cont?ol of access that are required in order that

=
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surface and subsurface activities during repository operation and closure will“

not be likely to lead to radionuclide releases to an unrestricted area greater

than those allowable under the requirements specified in Section: 960.5-1{a)(1).

(b) FAVORABLE CONDITION.

Present ownership and control of land and all surface and subsurface
mineral and water rights by the DOCE. :

(c) POTENTIALLY ADVERSE CONDITION.

Projected land-ownership conflicts that cannot be successfully resolved
through voluntary purchase-sell agreements, nondisputed agency-to-agency
transfers of title, or Federal condemnation proceedings.

960.5-2-3 METEOROQLOGY.

(a) QUALIFYING CONDITION.

The siﬁe shall be located such that expected meteorological conditions
during repository operation and closure will not be likely to 1lead %o
radionuclide releases to an unrestricted area greater than those allowable
under the requirements specified in Section 960.5-1(a)(1).

(b) FAVORARLE CONDITION.

Prevailing meteorological conditions such that any rédioact;ve releases

to the atmosphere during repository operation and closure wruld be effectively
dispersed, thereby reducing significantly the likelihood of unacceptacie
exposures to any member of the public in the vicinity of the repository.

(c) PCTENTIALLY ADVERSE CONDITIONS. .
7

(1) Prevailing meteorological conditions such that radioactive
emissions from repository operation or closure couid be
preferentially transported toward localities in the wvicinmity of the
repository with higher population densities than are the average for
the region.

(2) History of extreme weather phenomena--such as hurricanes.
tornadoes. severe floods, or severe and frequent winter storms-~tha:
could significantly affect repository operation or closure.

960.5-2-4 OFFSITE INSTALLATIONS AND OPERATIONS. ®

(a) QUALIFYING CONDITION.

The site shall be located such that present and projected effects from
nearby industrial, transportation, and military installations and operat:ions.
including atomic energy defense activities, (1) will not significantly affect

repository siting, construction, operation, closure, or decommissioning or can -

be accommodated by engineering measures and (2), when considered together with
emissions from repository operation and closure, wili not be likely to lead to
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radionuclide releases to an unrestricted area greater than those allowable
under the requirements specified in Section 360.5-1(a){(1).

(b) FAVORABLE CONDITION.

"

Absence of contributing radiocactive <celeases from other nuclear
installations and operations’that must be considered under the requirements of
40 CFR 191, Subpart A.

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) The presence of nearby potentially hazardous installations or
operations that could adversely affect repository operation or
closure.

(2) Presence of other nuclear installations and operations, subject
to the requirements of 40 CFR Part 190 or 40 CFR 191, Subpart A,
- with actual or projected releases near the maximum value permiss:bie
7 under those standards. 4

{d) Disqualifying Condition.

EN
vt

A site shall be disqualified if atomic energy defense activities in
‘proximity to the site are expected to conflict irreconcilably with repository
siting, construction, operation, closure. v decommissioning. A

ENVIRONMENT, SOCIOECONOMICS., AND TRANSPORTA*ION.
Y

960.5~2-5 ENVIRONMENTAL QUALITY.

(a) QUALIFYING CONDITION.

&

The site shall be located such that.il) &phe—hea;&h—aﬂé—ue4£aee—oﬁ—&he
public—and] the quality of the environment in»;he affected area during this =
and future generations will be adequately protected during repository s:ting,
construction, operation, «closure. and decommissioning, .and projected
(sigrificant—aduerse] environmental impacts in the affected area can be
mitigated (4e—the—antent—practieceblie] to an acceptable degree, taking into

account programmatic, technical, social, economic, and environmental factors:
and [3H (2) the requirements specified in Section 960.5-1(a)(2) can be met.

(b) FAVORABLE CONDITIONS.

(1) Projected ability to meet, within time constraints, all Federal,
State, and local procedural and substantive environmental
requirements applicable to the site and the activities proposed to
take place thereon. o ‘
(2) Potential significant adverse environmental impacts to present
and future generations can be mitigated to an insignificant level
o through the application of reasonable measures, taking into account
’ technical, social, economic., and environmental factors.

/i
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(c) POTENTIALLY ADVERSE CONDITIONS..

(1) Projected major conflict with applicable Federal, State., or local
environmental requirements. " (ni.

(2) Projected significant adverse environmental impacts' that cannot

be avoided or mitigated. .

(3) Proximity to, or projected significant adverse environmental
impacts of the repository or its support facilities on, a component
of the National Park System, the National Wildlife Refuge System, the
National Wild and Scenic Rivers System, the National Wilderness
Preservation System, or National Forest Land.

(4) Proximity to, and projected significant adverse environmental
impacts of the repository or its support facilities on, a significant

State or regional protected resource area, such as a State park, a.

_wildlife area, or a historical area.
(5) Proximity to, and projected significant adverse environmental
impacts of the repository and its support facilitiesMQQﬁl a

significant Native American resource, such as a majot ;- Indian
religious site, or other sites of unigue cultural interest.

_(6) Presence of critical habitats for threatened or endangered
species that may be compromised by the repository or its suppor:
facilities.

)

(d) DISQUALIFYING CONDITIONS. ‘

Any of 'the following conditions shall DISQUALIFY a site:
(1) During repository siting, construction, operation, closure, or
decommissioning | i i 3
.

- » ] the qualitv of the environrent :n
the affected area could not be adequatelv protected or projected environmenta.
impacts in the affected area could not he mitigated to an acceptable degree.
taking into account programmatic, technical, ' social, economic, and
environmental factors. T ’

(2) Any part of the restricted area or repository support facilities
would be located within the boundaries of a component of the National Park
System, the National Wildlife Refuge System, the National Wilderness
Preservation System, or the National Wild and Scenic Rivers System.

- (3) The presence of the restricted area® or the repository support
facilities would conflict irreconcilably with the previously designated
resource~preservation use of a component of- the National Park. System. the
National Wildlife Refuge System, the National Wilderness Preservation System,
{or] the National Wild and Scenic Rivers System, or National Forest lLands, or
any comparably significant State protecteds resource that was dedicated to
rescurce preservation at the time of the enactment of the Act.

o
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" 960.5-2-5 SOCIOECONOMIC IMPACTS.

e

(a) QUALIFYING CONDITION.
e

The site shall be located such that (1) any significant adverse social
and/or economic impacts induced in communities and surrounding regions by

. repository siting, construction, operation, closure, and decommissioning can

be offset by reasonable mitigation or compensation, as determined by & process
of analysis, planning, and consultation among the DOE, affected State and
local government jurisdictions, and affected Indian tribes; and (2) the
requirements specified in Section 960.5-1(a)(2) can be met.

(b) PAVORABLQ«CONDITIONS.

(1) Abiliﬁy of an affected area to absorb the project-related
population® changes without significant disruptions of community
services and without significant impacts on housing supply and demand.

(2) Availability of an adequate labor force in the affected area.
(3) Projected net -increases in employment and business sales,

improved community services. and increased government revenues in the
affected area.

Q

e

(4) No pro&ggggd substantial disruption of primary sectors ‘0f the
economy of the affected area. :

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) Potential for significant repository-related impacts on community
services, housing supply and demand, and the finances of State and
local government agencies in the 'affected area.

(2) Lack of an adééua}e labor force in the affected area.

(3) Need for repository-related purchase or acquisition of water
rights, if such rights could have significant adverse impacts on the
present or future development of the affected area.

(4) Potential for major disruptionsuof primary sectors of the economy
of the affected area.

P
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construction, operation, ©C

ificantly reduce the
resently suitable

impacts cannot _be

for human consumption or crop irrigation and such
compensated for, or mitigated by. reasonable measures.

960.5-2-7 TRANSPORTATION.

(s) QUALIFYING CONDITION.

The site shall be located such that (1) the access routes constructed
£rom existing local highways and raiiroads to the site (i) will not conflict
jrreconcilably with the previously designated use of any resource listed in
960.5-2-5(d)(2) and (3): (ii) can be designed and constructed using reasonably
available technology: (iii) will niot require transportation system components
to meet performance standards more stringent than those specified in the
applicable DOT and NRC regulations, “pnor require the development of new
packaging containment technology: (iv) will allow transportation operations to
be conducted without causing an unacceptable [vad&o4og%oe%—of—henead+e&eg+¢e4]
risk to the public [heeéeh—ené-eeéeEy] or unacceptable environmental impacts,
taking into_ account programmatic, technical, social, economic,  and
environmental factors: and {2) the requirements of Section 960.5-1(a)(2) can
be met. ’

ey o

(b) FAVORABLE CONDITIONS.

[}

(1) Availability of access routes from local existing highways anc
railroads to the site which have any of the following characteristics:

(i) Such routes are relatively short and economical to
construct as compared to access routes for other comparabie
siting options. o

(ii) Federal condemnation is not required to acguire
a rights-of-way for the access routes. ’

{iii) Cuts, fills, tunnels, or bridges are not reqpired.

{iv) Such routes ave free of shafﬁméurves or steep grades and
. are not likely to be affected by landslides or rock slides.

(v) Such routes bypass local cities and towns.
i 2
(waProximity to local highways and railroads that provide access to
regional highways and railroads and are adequate to serve the

repository without significant upgrading or réconstruction.

(3) Proximity to regional highways, . mainline railroads, or inland
waterways that provide access to the national transportation system.
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(4) Availability of a regional railroad system with a minimum number
of interchange points at which train crew and egquipment changes would
be required.

(5) Total projected life-cycle cost and risk for transportation of
all wastes designated for the repository site which are significantly
lower than those for comparable siting options., considering locations
of present and potential sources of waste, interam storage
facilities, and other repositories.

(6) Availability of regional and 1local carriers--truck, rail, and
water--which have the capability and are willing to handle waste
shipments to the repdsitory.

(7) Absence of legal impediment with regard to compliance with
Federal regulations for the transportation of waste in or through the
affected State and adjoining States.

(8) Plans, procedures, and capabilities for response to radicictive
waste transportation accidents in the affected State that are
completed or being developed.

(9) A regional meteorological history indicating that significant
transportation disrupticns would not be routine seascnal occurrences.

(c) POTENTIALLY AﬁVERSE‘CONDITIONS.

(1) Access routes to existing local highways and railroads that are
expensive to construct relative to comparable siting options.

(2) Terrain between the site and existing local highwavrs and
railroads such™ that steep grades, sharp switchbacks, rivers, lakes.
landslides, rock slides, “or potential sources of hazard to incoming
waste shipments will be encountered along access routes to the site.

(3) Existing local highwaysh and railroads that could requ:ire
significant reconstruction or upgrading to provide adequate routes &
the regional and naticonal transpostation system.

(4) Any local condition that could cause the transportation-reiated
costs, environmental impacts. or risk to public health and safe:v
from waste transportation operations to be significantly greater than
those projected for other comparablg siting options.
) P o
¥
~ '.j:“ﬁ

EASE AND COST OF SITING, CONSTRUCTION. opg <o, AND CLOSURE.

1y

v 960.5-2-8 SURFACE CHARACTERISTICS.

(a) QUALIFYING CONDITION.

The site shall be located such that, considering the surface
characteristics and conditions of the site and surrounding area, includirg
surface-water systems and the terrain, the requirements specified in Section

V4
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960.5-1(a)(3) can be met during repository siting, construction, operation,
and closure.

(b) FAVORABLE CONDITIONS.

(1) Gengrally flat terrain.
(2) Generally well-drained terrain.

(c) POTENTIALLY ADVERSE CONDITION.

Surface characteristics that could lead to the flooding of surface or
underground facilities by the occupancy and modification of flood plains, the
failure of existing or planned man-made surface-water impoundments, or the
failure of engineered components of the repository.

960.5-2~9 ROCK CHARACTERISTICS.

(a) QUALIFYING CONDITION.

The site shall be located such that (1) the thickness and lateral extent
and the characteristics and composition of the host rock will be suitable for
accommodation of the underground facility: (2) the repository construction,
operation, and closure will not cause undue hazard to personnel: and (3) the
requirements specified in Section 960.5-1(a){3) can be met.

(b) FAVORABLE CONDITIONS.

(1) A host rock that is sufficiently thick and laterally extensive to
allow significant flexibility in selecting the depth, configuration.
and location of the underground facility, :

(2) A host rock with characteristics that would require minimal or no
artificial support for underground openings to ensure safe repasitory
construction, operation, and closure.

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) A host rock that is suitable for repository constructior,

, operation, and closure, but is so thin or laterally restricted that
little flexibility is available for selecting the depth,
configuration, or location of an underground facility,

(2) In situ characteristics and conditions that could require
engineering measures beyond reasonably avaiiable technology in the
construction of the shafts and underground facility.

(3) Geomechanical properties that  could necessitate extensive-

maintenance of the underground openings during repository operation
and closure. ¢

(4) Pctential for such phenomena as thermally induced fracturing, the
hydration and'dehydration of mineral components, or other physical,
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chemical, or radiation-related phenomena that could lead to safety
hazards or difficulty in retrieval during repository operation.

{S) Existing faults, shear zones, pressurized brine pockets,
dissolution effects, or other stratigraphic or structural features
tlat could compromise the safety of repository personnel because of
water inflow or construction problems.

(d) DISQUALIFYING CONDITION.

The site shall be DISQUALIFIED if the rock characteristics are such that
the activities associated with repository construction, operation, or closure
are [proseered] predicted to cause significant risk to the health and safety
of personnel, taking into account mitigating measures that use reasonably
available technology.

960.5-2~10 HYDROLOGY.

(a) QUALIFYING CONDITION.

The site shall be located such that the geohydrologic setting of the site
will (1) be compatible with the activities required for repository
construction, operation, and closure; (2) not compromise the intended
functions of the shaft 1liners and seals; and (3) permit the regquirements
specified in Section 96C.5-1(a)(3) to be met.

{b) FAVORABLE CONDITICNS.

. (1) Absence of aquifers bétween the host rock and the land surface.

(2) Absence of surface-water systems that could potentially cause
flooding of the repository.

(3) Availability of the¥water required for repository construction,
operation, and closure. =

(c) POTENTIALLY ADVERSE CONDITION.
|

Ground-water conditionsf that could require complex engineer:ng
measures that are beyond reasonably atiilable technology for
repository construction, operation, and closure.

{d) Disqualifying Condition.

A site shall be disqualified if. based on expected ground-water
conditions, it is likely that engineering measures that are beyond reasonaklv
available technology will be required for exploratory-shaft construction or
for repository construction. operation, or closure. ’
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960.5-2~11 TECTONICS.

(a) QUALIFYING CONDITION.

The site shall be located in a geologic setting in which any projected
effects of expected tectonic phenomena or igneous activity on repository
construction, operation, or closure will be such that the requirements
specified in Section 860.5-1(2)(3) can be met.

(b) FAVORABLE CONDITION.

The nature and rates.of faulting, if any, within the geologic setting are
such that the magnitude and intensity of the associated .seismicity are
significantly less than those generally allowable for the construction and
operation of nuclear facilities.

(c) POTENTIALLY ADVERSE CONDITIONS.

(1) Evidence of active faulting within the geologic setting.

(2) Historical earthquakes or past man-induced seismicity that, if
either were to recur, could produce ground motion at the \ite in
excess of reasonable design limits. . ‘ i

(3) Evidence, based on correlations of earthquakes with tectonic
processes and features (e.g., faults) within the geologic setting,
that the magnitude of earthquakes at the site during repository
construction, operation, and closure may be larger than predicted
from historical seismicity.

(d) Disqualifying Condition.

A site shall be disqualified if, based on the expected nature an
rates of fault movement or other ground motion., it is likely that engineer:n
measures tha:t are bavond reasonably available technology will be reguired £
explorasory~-shaft conszruct:on or for repesitory -construction, operat:on,
closure.

1 i D) LEL

0lo

&}

i

)




o

; ns iy g

N

: DOE ADDITIONS

TO >

THE APPENDICES OF THE SITING GUIDELINES OF NOVEMBER 18, 1983

\ ,\ B

&

4




1511

SUMMARY OF THE ADDITIONS TO THE APPENDICES

Minor editorial revisions have bsen made to Appendices I and II(Z Two net
appendices have been added to deal with guideline application and the types of
information required for nominating sites as guitable for charagterizatioh.

Appendix III, entitled APPLICATION OF THE SYSTEM AND TECHNICAL GUIDELINES
DURING THE SITING PROCESS, specifies how the guidelines of Subparts C- and D

will be applied at the principal decision points in the siting ‘process.

Application of- a guideline is interpreted in the sense of .arriving at a
finding of qualification or disqualification on _the basis of. the available
evidence. The terms "application” and "finding” ars defined in Section 960.2
of Subpart A, 'and the process of, and the available evidence for, making such
applications and findings are detailed in Subpart B. Appendix III contains a
table that correlates the qualifying and disqualifying conditions of the
guidelines of Subparts C and D with the principal siting decisions and the
type of findings made at each decision point. Sl ,

Appendix IV, entitled TYPES OF INFORMATION FOR THE NOMINATION OF SITES AS

SUITABLE FOR CHARACTERIZATION, lists the types of information that should be’

considered at the nomination stage for w@ach technical guideline. This
apperdix is intended to supplement Section 360.3-1-4-2 of Subpart B. wnién 1s

entitled SITE NOMINATION FOR CHARACTERIZATION and is ,a subsection of -

960.3-1-4, AVAILABLE EVIDENCE FOR SITING DECISIONS. »
lad
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(\ -APPENDIX [w] I.
o

NRC ANDMEPA REQUIREMENTS FOR POSTCLOSURE REPOSITORY PERFORMANCE.

73

Under proposed 40 CFR 191, Subpart B--ENVIRONMENTAL STANDARDS . FOR
DISPOSAL, Section. 191.13, CONTAINMENT REQUIREMENTS, specifies that for 10,000
years after disposal (a) releases of radicactive materials to the accessible

environment that arc estimated to have more than one chance in 100 of

occurring over a 10,000 year period ("reasonably foreseeable releases") shall
be projected to be less than the quantities permitted by Table 2 of that
regulation's Appendix; and (b) fer “'very unlikely veleases"  (i.e., those
estimated to have between one chance in 100" and one chance in 10,000 of

" ocecurring over a 10,000 year period), the limits specified in Table 2 would be

multiplied by 10. The basis for Table 2 is an upper limit on long term risks
of 1,000 health effects over 10,000 years for a repository containing wastes
generated from 100,000 metric tons of heavy metal of reactor fuel. For
Seleases invoiving more than one radionuclaide, the ‘allowed release for =acn
radionuclid{g\ is reduced to the fraction of its limit-that ‘insures that the
overall limit on harm is not exceeded. Additionally, to provide ‘confidence
needed for compliance with the containment requirements specified above,
Section 191.14, ASSURANCE REQUIREMENTS, specifies the disposal of radioactive
waste in accordance with seven requirements, relating to prompt disposal of
waste; selection and design of disposal systems to keep releases to the
accessible environment' ‘as small as reasonably achievable: engineered and
natural barriers; nonreliance on active institutional controls after closure;
passive controls after closure: naturil resource areas: and design of disposal
systems to allow future recovéry of wastes.

The (postelscuse] guidelines [ oE-—Bubsars—C] will be revised as necessary
after the adoption of ‘final regulations by the EPA. )

The implementation of 40 CFR 191, Subpart B is required by 10 CFR
60.112. 10 CFR 60.113 establishes minimum conditions to be met for engineered
& (1) containfent of
radiocactive waste within the waste packages will e substantially compiste for
a period to be determined by the NRC taking into account the factors sgezified
in 10 CFR 60.113(b) provided that such period shall be not ‘less than 300 vears
nor more than 1,000 years after permanent closure of the geologic repository:
(2) the release rate of any radionuclide from the engineered barrier system
following the containment period shall not exceed one part in 100,000 per year
of the-inventory of that radionuclide calculated to be present at 1,000 years
following permanent closure, or such other fraction of the inventory as may be
approved or specified by the NRC, provided that this requirement does not
apply to any radionuclide which is released at a rate less than 0.1% of the
calculated total release rate limit. The calculated total release rate limit
shall be taken to be one part in 100,000 per ‘year of the inventory of
radioactive waste originally emplaced in the underground facility that remains
after 1,000 years of radiocactive decay: and (3) the geologic repository shall
be located so that pre-waste-emplacement ground-water travel time along the

. fastest path of likely radionuclide trave! from the disturbed zone to the

<
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‘ accessible environment shall be at least 1,000 years or such O‘thﬂtv travel time
L. as may be approved or specified by the NiC. o
o & o

o quidelines [ef~Eubpere—8] will be rSViged as necessary
¢ The (postelosues] guice’ ] to_ensure consistency with 10 CFR Part
oL ﬁ 60. [By—the~NRE- )
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APPENDIX [®] IT.
NRC_AND EPA REQUIREMENTS FOR PRECLOSURE REPOSITORY PERFORMANCE.
———— _\J m

Under proposed 40 CFR 191, Subpart A--ENVIRONMENTAL STANDARDS FOR
ENT AND STORAGE, Section 191.03, STANDARDS FOR NORMAL OPERATIONS.
specifies: (1) that operations should be conducted so as to reduce axposure to
members of the public to the extent rTeasonably achievable, taking into account
technical, social, and economic considerations; and (2) that, except for
variances permitted for unusual operations under “ection 191.04 as an uppet
limit, normal operaticns shall be conducted in such a manner as‘to provide
reasonable assurance that the combined annual dose equivalent to any member of
the public due to: (i) operaticns covered by 40 CFR Part 190, (ii) planned
discharges of radioactive material to the general environment from operations
covered by this Subpart, and (iii) .direct radiation from these operations;
shall not exceed 25 millirems to the whole body, 75 millirems to the thvroid,
or 25 millirems to any other organ.

The, [preetosure] guidelines [of—Subpast—B] will be revised as necessary -
. after the adoption of final regulations by the EPA.

¢ The implementation of 40 CFR 191, Subpart A and 10 CFR Part 20 is
required by 10 CFR 60.111. 10 CFR 60.111 also specifies requirements for
waste retrieval, if necessary, -including considerations of design,
backfilling, and schedule. 10 CFR Part 20 establishes (a) exposure limits for
operating personnel and (b) permissible concentrations of radionuclides in
uncontrolled areas for air and water. The .latter are. generally less
restrictive than 40 CFR 191, Subpart A, but may be limiting under certain
conditions (i.e., if ysed as a maximum for short durations rather than annual
averages). Z

The [peoereswse] guidelines [of Subpart D] will be revised as necessary
( i-g-h ] to ensure consistency with 10 CFR Part

60. {iymtire—NFE. ]

2
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APPENDIX III.

APPLICATION OF THE SYSTEM AND TECHNICAL GUIDELINES DURING THE SITING PROCESS.

This appendix presents a table that specifies how the guidelines of
Subparts C and D are to be applied at the principal decision points of the
siting process. The decision points, as referenced in the table, are defined
as follows:

"Potentially acceptable” means the decision point at which a site is
jdentified as potentially acceptable.

"Nomination and recommendation" means the decision point at which a
site is nominated as suitable for characterization or recommended as
a candidate site for characterization.

"Repository site selection"” means the decision point at which a site
1s recommended for the development of a repository.

The findings resulting from the application of a digqualifying condition
for any particular guideline at a given decision point ‘are denoted in the
table by the numeral 1l or 2. The numerals 1 and 2 signify the types of

findings that are required and are defined as follows:
“1" means either of the following:

(a) The available evidence does not support a finding that
the site is disqualified.

or

~ (b) The available evidence supports a finding that the site
is disqualified.

wo2" means either of the following:

(a) The available evidence supports“a £inding that the site
is not disqualified on the basis of that evidence and :§
not likely to be disqualified.

or
(b) The available evidence supports 2 finding that the site
is disqualified or is likely to be disqualified.

The findings resulting from the application of a qualifying condition for
any particular guideline at a given decision point are denoted in the table by
the numeral 3 or 4. The numerals 3 and 4 signify the types of findings that
are required and are defined as follows:

v3" means either of the following:
(a) The available evidence does not support a finding that
the site is not likely to meet the qualifying condition.

i\
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or

(b) The available evidence supports a finding that the site
is not likely to meet the qualifying condxt;on, and
therefore the site is disqualified.

"4" means either of the following:

(a) The available evidence supports a finding that the site
" meets the qualifying condition and is likely to continue
to meet the qualifying condition.

or

(b) The availabie evidence supports a fzndxng that the site
cannot meet the qualifying cond. ..on or is unlxkely to ‘be
able to meet the qualifying condition, and therefore the
site 1s disqualified. 8 '

If performance assessments are used to substantiate any of the above
findings, those assessments shall include estimares of the effects . of
uncertainties in data and modeling.

For both the disqualifying and qualifying conditions of any guideline, a
higher finding (e.g., a "2" finding rather than "1") shall be made if there is
sufficient evidence to support such a finding. ‘o




NG

FINDINGS RESULTING FROM THE APPLICATION OF
THE QUALIFYING AND DISQUALIFYING CONDITIONS OF THE
TECHNICAL GUIDELINES AT MAJOR SITING DECISIONS

<7

—_— ion .
Section Potentiaily  Wominstion and Repository
960 Guideline Condition Acceptable Reconmendation Site Selection

4-1(a) __ Syslem Qualifying = 3 S |
4-2-1(a) Geohydrology Qualifying - 3 4
4-2-1(d) _____ Geghvdrploay ~Disgualifyina = 1 2
8-2-2(a) ___ Geochemistry Qualifying = 3 4
4:2-Ma):  Rock Characterisiics Qualifying - 3 4
4:2-4(a) Climatic Changes- . . _ . Qualifying = 3 4
4-2-5(a) Erosion Qualtifying - 3 ']
A-2-5(d) grosion Disgqualifying 1 ] 2

4-2-6(a) Dissolution Qualifying - 3 4
4:2-6(d) Dissolution — Risgualifying 1 ] 2
4-2-2a) = Tectonics Quajifying - 3 []
-2-2(dy - Yectonics — Disqualifyinag 1 1 2
4-2-8-1(a) Hatural Resources Qualifying - =_ 3 4
4-2-8-1(d)(1) Natural Resources Disqualifying | ; = 2
4-2-8-1(d})(2) Natural Resources._ Disgualifying - ] 2
4-2-8-2(a)_ Sile Ownership and Control _  Qualifying 2 3 4
s-1(a)(ny) System Qualifying - 3 []
5-1(a)2) System Qualifying - b ] 4
T 5-MadM3) . System Qualifying = 3 4
5-2-1(a) Population Density and Distribution Qualifying - 3 4
5-2-1{d)(1) Populatton Densitly and Distribution Disqualifying 1 ] 2
§-2-1(a8)(2) Population Density and Distribution Disqualifying 1 L 2
9:2-3(d){3)___ Populatign Density and Distribution  Disgualifying = 1 2
$-2:2(a)  Site Ownership and Control Qualifying - k1 4
$:2-3(a) _ Meteoroloay Qualifying = 3 4
5-2-4(a) Offsite Installations and Operations Qualifying - 3 4
- 9-2-8(d)___ QOFfsite Installatigns_and Operations__ Disgualifying 1 1 2
5-2-5{a} Envirommental Qualily Qualifying - h 4
5-2-5{d)(1) Environmental Quality Disqualifying - 1 2
5-2-5(d)(2) Environmental Quality Disqualifying 1 1 2
5:2:-5(d)(3) ___ Environmental} Quality .. Dragualifying 2 1 2
§-2-6(a) Socioeconomic Impacts - Qualifying - 3 [}
5:2-6(d) ~ Socigecquomig Impacts _Disgualifying = 1 2
$:2-7{a) —___ Transportation ... .. . _______ _ _ Qualifyina .= k| 4
5-2-8(a) Surface Characleristics__ . ___ - Qualifying - 3 s
5-2-9(a) Rock Characteristics Qualifying - k| 4
9.2:9(d)_______ Rock Characteristica _. _Disqualifying = 1 2
§-2-10{a) Hydrology Qualifying - 3 4
$:2-10(d} Hydroloay Disgqualifying - ! 2
5-2-11(a) Tectonics Qualifying - 3 4
5-2-11{d) Tectonics Bisqualifying ) 1 2

2l

i
i
i
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APPENDIX IV

IYPES OF INFORMATION FOR THE NOMINATION OF SITES

AS SUITABLE FOR CHARACTERIZATION. 4

The types of information specified below are those that the DOE expects
will be included in the evidence used for evaluations and applications of the
guidelines of Subparts C and D at the time of nomination of a site as suitable
for characterization. The types of information listed under each guideline
are considered to be the most significant for the evaluation of that
guideline. However, the types of information listed under any particular
guideline will be used, as necessary, for the evaluation of any other
guideline. As stated in Section 960.3-1-4-2, the DOE will use technically
conservative assumptions or extrapolations of regional data, where necessary,
to supplement this information. The information specified below will be
supplemented with conceptual models, as appropriate, and analyses of
uncertainties in the data.

Before site-characterization studies and related nongeologic data
gathering activities, the availdble evidence is not expected to provide
precise information, but, rather, to provide a reasonable basis for assessing
the merits or shortcomings of the site against the guidelines of Subparts C
and D. Consequently, the types of information described below should be
interpreted so as to accommodate differences among sites and differences in
the information available before detailed studies.

The specific information required for the guideline applications set
forth in Appendix III of this Part is expected to differ from site to site
because of site-specific factors, both with regard to favorable and
potentially adverse conditions and with regard to the sources and reliabiliry
of the information. The types of information specified in this appendix will
be used except where the findings set forth in Appendix III of’ this Part can
be- arrived at by reasonable alternative means or the information is not
required for the particular site.

960.4-2-1 Geohydrology.

"
/( I

Description of the geohydrologic setting of the site, in context with its
geologic setting., in order to estimate the pre-waste-emplacement ground-water
flew conditions. The types of information to support this description should
include-- -

® Location and estimated hydraulic ptopertieé of aquifers, confining
units,”and aquitards.

* Potent§a1 areas and modes of recharge and discharge for aquifers.
. :Eegional potentiometric surfaces of aquifers.

¢ Likely flow paths from the repository to locations in the expected
accessible environment, as based on regional data.
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‘e Preliminary estimates of ground-water travel times along the likely
flow paths from the repository to locations in the expected
accessible environment.

e Current use of principal aquifers and State or local management plans
for such use.

960.4-2~2 Geochemistry.

Description of the geochemical and hydrochemical conditions of the host
rock, of the surrounding geohydrologic units, and along likely ground-water
paths to locations in the expected accessible environment, in order to
sstimate the potential for the migration of radionuclides. The types of
information to support this description should include--

- o Petrology of the rocks.

e Mineralogy of the rocks and general characteristics of fracture
fillings.

e Geochemical and mechanical stability,K of the minerals under expected
repository conditions.

e General characteristics of the gfound-water chemistry (e.qg..
reducing/oxidizing conditions and the principal ions that may affect
the waste package or radionuclide behavior).

e Geochemical properties of minerals as related to radionuclide
transport.

960.4-2-3 Rock Characteris;ics.

Description of the geologic and geomechanical characteristics of the
site, in context with the geologic setting, in order to estimate the
capability of the host rock and surrounding rock units to accommodate the
thermal, mechanical, chemical, and radiation stresses expected to be induced
by repository construction, operation, and closure and by expected
interactions among the waste, host rock, ground water, and engineered
components of the repository system. The types of information to support this
description should include--

e Approximate geology and stratigraphy of the site, including the
depth, thickness, and lateral extent of the host rock and surrounding
rock units.

e Approximate structural framework of -the rock units and any major
discontinuities identified from core samples.

e Approximate thermal, mechanical. and thermomechanical properties of
the rocks, with consideration of the effects of time, stress.
temperature, dimensional scale, and any major identified structural
discontinuities. ‘
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o Estimates of the magnitude and direction of in situ stress and of
temperature in the host rock and surrounding rock units.

960.4-2-4 Climatic Changes.

Dascription of the climatic conditions of the site region, in context
with global and regional patterns of climatic changes during the Quaternary
Period, in order to project 1likely future changes in climate such that
potential impacts on the repository can be estimated. The types of
information to support this description should include--

¢ Expected climatic conditions and cycles, based on extrapolation of
climates during the Quaternary Period.

® Geomorphology of the site region and evidence of changes due to
climatic changes.

¢ Estimated effects of expected climatic cycles on the surface-water
and the ground-water systems.

960.4-2-5 Erosion.

Description of the structure, stratigraphy, and geomorphology of the
site, in context with the geologic setting, in order to estimate the depth of
waste emplacement and the likelihood for erosional processes to uncover the
waste in less than one million years. The types of information to support
this description should include--

¢ Depth, thickness, and lateral extent of the host rock and the
overlying rock units. ‘

e Lithology of tha stratigraphic units above the host rock.

® Nature and rates of geomorphic processes during the Quaternary Period.
960.4-2~-6 Dissolution.

Description of the stratigraphy. structure. hydrology, and geochemistry
of the site, in context with the geologic setting, to delineate the
approximate limits of subsurface rock dissolution, if any. This description

should include such information as the following:

® The stratigraphy of the site, including rock units largely comprised
of water-soluble minerals.

o o . The approximate extent and configuration of features indicative .of
: dissolution within the geologic setting.

8960.4-2~7 Tectonicss,
Description of the tectonic setting of the site, in context with its

geologic setting, in order to project the tectonic stability of the site over
the next 10,000 years and to identify tectonic features and processes that
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could be reasonably expected to have a potentially adverse effect on the
performance of the repository. The types of information to support this
description should include--

e The tectonic history and framework of the geologic setting and the
gite. ‘

e Quaternary faults in the geologic setting, including their length.
displacement, and any information regarding the age of latest
movement.

e Active tectonic processes, such as uplift, diapirism, tilting.
subsidence, faulting, and volcanism.

e FEstimate of the geothermal gradient.
e [Estimate of the regional in situ stress field.
e The historical seismicity of the geologic setting.

960.4-2-8 Human Interference.

860.4-2-8-1 Natural Resourcss.

Description of the mineral and energy resources of the site, in order to
project whether past or future exploration and recovery could have a
potentially adverse effect on the performance of the repository. The types of
information to support this description should include--

e Known occurrences of energy and mineral resources. including ground
water.

e CEstimates of the present and projected value of these resources
compared with resources contained in other areas of similar size :in
the geologic setting.

e , Past and present drilling and mining operations in the vicinity of
the site. :

960.4-2-8-2 Site Ownership and Control.

Description of the ownership of land for the geologic~repository
operations area and the controlled area, in order to evaluate whether the DCE
can obtain ownership of, and control access to, the site. The types of
information to support this description should include--

e Present land ownership.

960.5~2-1 Population Density and Distribution.

Description of the population density and distribution of the site
region, in order to identify highly populated areas and the nearest 1 mile by
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1 mile area having a population greater than 1,000 persons. The types of
information to support this description should include--

¢ The most-recent U.S. census, including population composition,
distribution, and density. .

960.5~2~2 Site Ownership and Control.

Description of current ownership of land, including surface and
subsurface mineral and water rights,in order to evaluate whether the DOE can
obtain control of land within the projected restricted area. The types of
information to support this description should include--

® Present land ownership.

960.5-2-3 Meteorology.

The meteoroiogical setcting, as determined from the closest recording
station, in order to project meteorological conditions during repository
operation and closure and their potential effects on the transport of airborne
emissions. The types of information to support this description should
include~-~-

® Wind and atmospheric-dispersion characteristics.

e Precipitation characteristics.

.® Extreme weather phenomena.

960.5-2-4 Offsite Installations and Operations.

Description of offsite installations and operations in the vicinity of
the site in order to estimate their projected effects on repository
construction, operation, or closure. The types of information to support thuis
description should include--

¢ Location and nature of nearby industrial, transportation, and
military installations and operations, including atomic energy
defense activities.

960.5-2-5 Environmental Quality.

Description of environmentalvconditions in order to estimate potential
impacts on public health and welfare and on environmental guality. The types
of information to support this description should include--

® Applicable Federal, State, and local procedural and substantive
environmental requirements. P

¢ Existing air quality and trends.

e Existing surface-water and ground-water quality and quantity.
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Existing land resources and uses.
e Existing terrestrial and aquatic vegetation and wildlife.

e -Location of any identified critical habitats for threatened or
endangered species. :

e Existing aesthetic characteristics.

¢ Location of components of the National Park System, the National
Wildlife Refuge System, the National Wild and Scenic Rivers System,
the National Wilderness Preservation System, or National Forest Land.

¢ Location of significant State or regional protected resource areas,
such as State parks, wildlife areas, or historical areas.

o. Location of significant Native American resources such as major
Indian religious sites, or other sites of unique cultural interest.

960.5-2-6 Socioeconomic Impacts. : Y

Description of the socioeconomic conditions of the site, including
population density and distribution, economics, community services and
facilities, social conditions, and fiscal and government structure, in order
to estimate the impacts that might result from site characterization and from
the development of a repository at that site. The types of information to
support this description should include--

e Population composition, density, and distribution.

e Economic base and economic activity, including major sectors of iocal
economy. )

e Employment distribution and trends by economic sector.
L Resource usage.

s Community services and infrastructure, including trends in use and
current capacity utilization.

¢

s Housing supply and demand.

e Life style #nd indicators of the quality of life.

e Existing social problems.

e Sources of, and trends in, local government expenditures and réQenues.

iV

960.5-2~7 Transportation.

Description of the transportation facilities in the vicinity of the site
in order to evaluate existing or required access routes or improvements. The
types of information to support this description should include--

{

\

\
N

Y
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e Estimates of the overall cost and risk of transporting waste to ‘the
site. '

e Description of the road and rail network between the site and the
nearest Interstate highways and major rail lines: also, description
of thé waterway system, if any.

¢ Analyses of the adequacy of the existing regional transportation
network to handle waste shipments; the movement of supplies for
repository construction, operation, and closure: removal of
nonradiocactive waste from the site; and the transportation of the
labor force. :

e Improvements anticipated to be required in the transportation network
and their feasibility, cost, and environmental impacts.

e Compatibility of the required traﬁsportation network improvements
with the local and regional transportation and iand-use plans,

® Analysis of weather impacts on transportation.

©

¢ Analysis of emergency response requirements and capabilities relazed
to transportation.

960.5-2-8 Surface Characteristics.

Description of the surface characteristics of the site, in order to
evaluate whether repository construction, operation, and closure aré: feasible
on the basis of site characteristics that influence those activities. The
types of information to support this descriptica should include--

® Topography of the site.

® Existing and planned surface bodies of water.

¢ Definition of areas of landslides and other potentially unstakblz
slopes, poorly drained material. or materials of low bearing strength

or of high liquefaction potential. E

960.5-2-9 Rock Characteristics.

Description of the geologic and geomechanical characteristics of the
site, in context with the geologic setting, in order to project the capability
of the host rock and the surrcunding rock units to provide the space reguired
for the underground facility and safe underground openings during repository
construction, operation, and closure. The types of information to support
this description should include-~

)

® Depth, thickness, and lateral extent of the host rock.

¢ Stratigraphic and structural features within the host rock and
adjacent rock units. '

L
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¢ Thermal, mechanical, and thermomechanical properties and
constructibility characteristics of the rocks, with consideration of
the effects of time, stress, temperature, dimensional scale., and any
major identified structural discontinuities.

¢ Fluid inclusions and gas content in the host rock.

e Estimates of the magnitude and direction of in situ stress and of
temperature in the host rock.

960.5-2-10 Hydrology.
£

Description of the hydrology of the site, in context with its geologic
setting, in order to project compatibility with repository construction.
operation, and closure. :The types of information to support this description
should include-- :

» Surface-water systems, including recharge and runoff characteristics.
and potential for flooding of the repository.

e 'Nature andAiocation of aquifefs. confining units, and-aquitards.
e Potentiometric surfaces of équiférs.
e Hydraulic properties of geohydrologic units.

960.5-2-11 Tectonics. . o

o

Description of the tectonic setting of the site, in context with the
regional setting, in order to estimate any expected effects of tectomic
activity on repository construction, operation, or closure: The typés of
information to support this description should include--

& Quaternary faults. ' “
e > Active tectonic processes:

o Preliminary estimates of expected ground motion caused by the maximur
pctential earthquake within the geologic setting.

Qo
o
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To Distydbytion |
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Subject DEVELOPING RADIONUCLIDE EMISSION RATES

EAO#83-569
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SC Matthews ME Balmert

SS Smith TJ Thomas
RS Kingsley ONWI Files
JE Gould EAO Files
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ML Brown

FLL Moleski

This memo replaces the March 8, 1983, T. Thomas memo, EAQ #83-199, developing
radionuclide emission rates for the environmental assessment of a repository.

Several key features of this memo need to be illuminated:

0 First, the emissions estimates are made with 6.5-year old
spent fuel, while the current repository planning base
documents a 10-year old spent fuel. The consequence of this
is that emissions presented in this memo are somewhat higher
then would be calculated from 10-year old fuel. The data in

this memo is thus conservative.

B

0 Second; the approach of a "bounding" estimate in many in-
stances has been adopted. The bounds are clearly identified,
and should not be interpreted as expected vaiues.

0 Lastly, the probabilities of the event are not generally

important to the EA. An event is classified either as a
normal operation (probability >1% per year) or an abnormal
operation...one that might occur (probability >1x10-9) and
therefore should be designed for, but not one whose prob-
ability is so incredibly low as to allow its dismissal.

(Continued)
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To:  Distribution 2 September 30, 1983
From: Thomas/Balmert/Carr EAO #83-569

i
AV

[

Construct1on Radionuclide Emissions

GEIS, Volume I, Chapter 5.4.8, shows an annual estimate of radionuclides
re1eased from the mining of 30 million metric tons of salt.

GEIS Annual EA Total

Radionuclide Release Curies Release Curies
220 pp 9.3 x 10-4 7.44 x 10-3
222 Rn 1.3 x 10-3 " 1.01 x 10-2
210 pp 1.1 x 10-7 b 8.8 x 107

212 py 1.4 x 1076 1.12 x 10-5
214 pp 1.3 x 10-3 1.01 x 10-2
210 gj 1.3 x 10-3 1.01 x 10-2

Table 1. Constructlon Radionuclide Emissions
(These are slight variations of the presented numbers
from the original memo.)

DOE/ET/0028, Figure 7.4, 18, shows a m1n1ng per1od of eight years.
Thus, the total RN emissions from mining 30 MMT of salt are as shown in
Table 1. v

These emission estimates could be ratioed to the currently planned exca-
vatien amounts, but given that current estimates for mined salt are not
significantly different (25-35 MMT), that the emission estimates are
coarse and that the impacts are insignificant, the values in Table 1 are
proposed as bounding values.

Impacts from these releases are apparently not dependent upon the timing

of the releases, so no schedule of mining needs be provided. However,
the Stearn's design calls for a mining period of 28 years.

{Continued)
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To:  Distribution 3 | September 30, 1983
From: Thomas/Balmert/Carr EAQ #83-569

CH-TRY

The most credible accident that can happen to contact-handled TRU is the
puncture of the drum and subsequent release of the drum's contents. In
GEIS, Table 5.4.24, it was shown that each incident would release to the
atmosphere: ‘

34 6.3 x 10-6 Curie
14c 1.6 x 10-10 Curie
60¢o 6.2 x 10-13 Curie
90g,- 9.2 x 10-13 Curie
95n6 1.1 x 10-11 Curie
106gy 2.8 x 10-10 Curie

Each drum handled has a'single probability of puncture of 3 x 10-5;
thus, with 202,450 drums, a total of six punctures over the facility
life can be expected. This is classified as an abnormal operation.

il
il

HL

A11 high level waste arriving at the repository will be vitrified in
glass. The only credible accident which would release RN is a shaft
droo, and clearly a shaft drop is an abnormal operation.

GEIS, Table 5.4.25, determined that an accident involving a hoist load
of four canisters of 2.4 MTU* would release the quantities of radio-
nuclides shown in Table 2. Stearns designs are for waste packages of
9.8 MTU carried one at a time on the hoist. In either case, a release
scenario would be virtually identical to the original GEIS release -
values. : .

Incidentally, the release values are for commercial HLW. Defense HLW
release values are substantialTly lower, and thus the values in Table 2
can be considered bounding for all HLW. Loy : ‘

(Continued)

- *MGDS specified 2.28 MTU




To: Distribution

From: Thomas/Balmert/Carr

90 vy 3.9 x

%0 g 3.9x
106 gy 4.4 x
125 7¢ 4.8 x
138 ¢ 8.0 x
137 ¢ 6.0 x
144 (e 2.0 x
154 gy 3.6 x
238 py 5.6 x

232 py 1.3 x
240 py 5.2 x
201 py 6.4 x
201 py 5.2 X
244 cnp 4.4 x

Table 2. Shaft

@

10-4
10-4
10-5
10-6
10-5
10-4
105 ¢
10-5
10-7
10-8
10-8
10-6
10-6
10-5
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4 September 30, 1983
0 EAO #83-569

Curies
Curies
Curies

Curies

 Curies

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

Drop Release

RH-TRU

The only credible accidents that happen with the RH-TRU (some 34,365
drums) -are bounded in consequences by the shaft drop. In this accident,

four canisters carrying t

hree drums each dropped down the mine shaft and

burst. Some 20 percent of the material is released. The quantity of RN
released to the atmosphere for such an incident is.as shown in Table 3
(from GEIS, Table 5.4.25):

-,(Continyed)

&
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To: Distribution 5 September 30, 1983
From: Thomas/Balmert/Carr EAO #83-569

3H 2.5 x 1001 Curies
14 ¢ 4.4 x 104 Curies
60 o 1.6 x 106 Curies
f 63 ni 1.6 x 1077 Curies
| 90 s,  1.2x108  Curies

54 Mp 8.1 x 10-8 Curies
95 Nb 8.2 x 10-8 Curies
137 ¢ 1.9 x 108 Curies
238 py 1.1 x 10-9 Curies
239 py 7.2 x 10-11  curies
240 py, 1.5 x 10-10  Curies

241 py 3.6 x 10-8 Curies
241 pm 1.4 x 10-10 " Curies
242 cp 2.0 x 10-9 Curies
204 ¢cp 1.4 x 10-9 Curies

Table 3. Radionuclide Emissions From TRU Hoist Drop

The probability of occurrence was estimated in GEIS at 3.5 x 10'6/year.
This is clearly an abnormal event.

'Spent Fuel

In this accident, GEIS (Table 5.4.22) determined the consequences if
four spent fuel (PWR),assemblies dropped down the shaft. This is an
abnormal operation. '

Values reported in GEIS for radionuclide emissions are reported in
Table 4. = ;

. | (Continued)
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To:  Distribution | 6 September 30, 1983
From: Thomas/Balmert/Carr EAD #83-569

The Stearn's design calls for 6 PWR assembles to be on a hoist. For
hoist failure releases, therefore, the values reported in Table 4 must
be multiplied by 1.5 for the purposes of the current EA Analysis.

GEIS . EA Release
34 6 Curies o9
14 ¢ 4 x 10-2 Curies 6 x 10-2
85 kr 4 x 1043 Curies 6 x 10#3
90 s 1x10°% - - Curies 1.5 x 10-4
0y  1x10% Curies 1.5 x 10-4
129 1 6 x 10-3 Curies 9 x 10-3
137 ¢s 1.5 x 104 Curies 2.25 x 10-4
238 py 4 x 10-6 Curies 6 x 10-6
239 py 5.8 x 1077 Curies 8.7 x 10-7
240 py, 9 x 10-7 Curies 1.35 x 10-6
214 py 1.4 x 10-4 Curies 2.1 x 10-4
241 pm- 3.2 x 1--6 Curies 4.8 x 10-6
244 ¢ 1.8 x 10-6 Curies 2.7 x 10-6

Table 4. Spent Fuel Shaft Drop

Spent Fuel Handling Accident

In this accident, the 12 PWR assemblies in a railcar cask are somehow
damaged within the receiving building. Because of filtration, vituallyv
all of the particulate is contained. However, the gases are not totally
filtered. This is an incident chosen to involve the greatest number of
assemblies which could be affected by a single cause event.

[t is assumed that 30 percent of the void gases in the pins would be
released by the accident. daseous releases, then, can be found by
multiplying the Table 3 GEIS values by "3" (to acc-unt for 12 assemblies
instead of 4) and by "0.3" (to account for release fraction).

(Continued)

o
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APPENDIX B

DEVELOPING RADIONUCLIDE EMISSION RATES
" (SEPTEMBER 30, 1983)
MEMO FROM T. THOMAS, M. BALMERT, AND J. CARR
OFFICE OF NUCLEAR WASTE ISOLATION

R
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To:  Distribution 7 September 30, 1983
From: Thomas/Balmert/Carr EAO #83-569

Results show the following release amounts:

2
&
3
2 g
i«
%
&
%
V
i
4
¥
s

3 H 5.4 Curies
14 ¢ 3.6 x 10-2 Curies
85 Kk 3.6 x 10+3 Curies

129 g 5.4 x 1073 Curies

This is an abnormal condition.

Spent Fuel - Void Gases
Release into Transportation Cask

The most complete set of pin failure statistics were collected at Savanah
River Plant and reported in DOE/ET/0054, page V-16. There, it is reported
that 1,200 casks containing 25 assemblies each were transported without
failure. The number of pins shipped, although unreported, had to be at
least 1.9 million (or an 8x8 array) and could have been as many as

7.9 million (on a 17x17 array). '

Using these numbers, and standard statistical techniques for estimating
upper confidence bounds of the binomial distribution parameter, it can
be shown that the 95 percent upper confidence bound for the pin fa‘lure
rate is between 0.4 and 2 per million (depending upon the number of pins
assumed in the preceding paragraph).

MGDS reports that there will be 765,000 pins shipped per year. I rounded
this upward to 1 million pins per year for the following analysis.

e Given a failure rate of 2 pins per million, then in a given year (1 million
pins) one can expect to see 0, 1, 2, 3, 4 or even more failures: the
average number, averaged over the years, is two. Using the binomial
distribution, it can be shown that 99 years out of 100, there will be no
more than 6 pin failures in a single year.

GEIS reports the following values for a pin failure release (Table 7.4.11
of DOE/ET/0028). These are multiplied by 6 to obtain the bounding EA

estimate.
yRadionuclide GETS . EA RELEASE VALUE (Bounding)
34 5 x 10-3 Curies 3 x 1072 Curies
14 ¢ 4 x 10°5 Curies 2.4 x 10~% Curies
85 kr 3 Curies 18 Curies
129 1 B 5 x 10-6 Curies 3 x 1073 Curies

Because leakers can normally (but infrequently) be expected, this is an
expected operating condition. _

TJT:MEB: JAC/cjc
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GARY WAYMIRE

FENIX & SCISSON INC
JOSE A. MACHADO
CHARLENE U, SPARKMAN }

FERRIS STATE COLLEGE 5
MICHAEL E. ELLS ‘

FLORIDA DEPT OF ENVIRONMENTAL

REGULATION
HAMILTON OVEN .

FLORIDA INSTITUTE OF TECHNOLOG
JOSEPH A, ANGELO, JR.

FLORIDA POWER & LIGHT COMPANY
JAMES R. TOMONTO

FLORIDA SYATE UNIVERSITY
JOSEPH F. DONOGHUE

FLUOR ENGINEERS & CONSTRUCTORS INC
THOMAS O. MALLONEE, JR.

ADELL PITTS

FORD, BACON & DAVIS INC
NEG LIBRARY
ROBERT F. OVERMYER

FOSTER-MILLER ASSOCIATES INC
NORBERT PAAS

FOUR CORNERS COMMUNITY MENTAL

HEALTH CENTER
BOB GREENBERG

FRIENDS OF THE EARTH
GORDON ANDERSON
LOUIS BUCKLIN
RENEE PARSONS

FUTURE RESOURCES ASSOCIATES INC.
ROBERT ). BUDNITZ

FW ENERGY APPLICATIONS INC
O. BARRATT

GABIE BETTS BURTON MEMORIAL LIBRARY

GARTNER LEE ASSOCIATES LTD - CANADA
ROBERT E. J. LEECH

GENERAL ATOMIC COMPANY
MICHAEL STAMATELATOS

GENERAL COURT OF MASSACHUSETTS
TIMOTHY }. BURKE

GEOLOGICAL SURVEY OF CANADA
JEFFREY HUME

GEOLOGICAL SURVEY OF DENMAR
L. ]. ANDERSEN :

GEORGIA INSTITUTE OF TECHNOLOGY
MELVIN W. CARTER
GEOFFREY G. EICHHOLZ

ALFRED SCHNEIDER
CHARLES E. WEAVER

GEOTECHNICAL ENGINEERS INC
RONALD C. HIRSCHFELD

GEOTHERMAL ENERGY INSTITUTE

“DONALDF. X. FINN

GEOTRANS

JAMES MERCER :
GESELLSCHAFT F. STRAHLEN U.
UMWELTFORSCHUNG M.B.H. - W.
GERMANY
* WOLFGANG BODE
HANS W. LEVI
H. MOSER
GILBERT/COMMONWEALTH
JERRY L. ELLIS
GOLDER ASSOCIATES
DONALD M. CALDWELL
MELISSA MATSON
EILEEN POETER
J. W. VOSS

\,

v

GOLDER ASSOCIATES - CANADA
CLEMENT M. K. YUEN
GRAND COUNTY HIGH SCHOOL LIBRARY
GRAND COUNTY PUBLIC LIBRARY
GRAND JUNCTION SENTINEL
GARY SCHMITZ
GREAT LAKES ENVIORMENTAL STUDY
CENTERS
DOUGLAS R. ZULLO
GRIMCO
DONALD H. KUPFER
GSE NUCLEAR
MOHSEN NIROOMAND-RAD
GSE/NUCLEAR OMAHA PUBLIC POWER
DISTRICT
JOHN K. NEJAD
GTC GEOLOGIC TESTING CONSULTANTS LTD -
CANADA
JOHN F, PICKENS
GULF INTERSTATE ENGINEERING
THOMAS J. HILL
GULF STATES UTILITIES COMPANY
JOHN E. BARRY
E. ' INN DRAPER
GUSTAVSON ASSOCIATES
RICHARD M. WINAR
H & R TECHNICAL ASSOCIATES INC
WILLIAM R. RHYNE
H-TECH LABORATORIES INC
BRUCE HARTENBAUM
HAHN-MEITNER-INSTITUY FUR
KERNFORSCHUNG BERLIN
KLAUS ECKART MAASS
HANFORD ENGINEERING DEVELOPMENT
LABORATORY
ROBERT EINZIGER
W. E. ROAKE
HARVARD UNIVERSITY
CHARLES W. BURNHAM
DADE W. MOELLER
RAYMOND SIEVER
HATTIESBURG PUBLIC LIBRARY
HECTOR & ASSOCIATES P.A.
ALICE G. HECTOR
HIGH COUNTRY CITIZENS ALLIANCE
DON BACHMAN
HIGH PLAINS UNDERGROUND WATER
DISTRICT
TROY SUBLETT
HIGH PLAINS WATER DISTRICT
DON MCREYNOLDS
DON D. SMITH
HOUGH-NORWOOD HEALTH CARE CENTER
GEORGE H. BROWN. M.D.
ILLINOIS DEPT OF NUCLEAR SAFETY
TERRYR. LASH =
MILTON ZUKOR
ILLINOIS STATE GEOLOGICAL SURVEY
KEROS CARTWRIGHT
MORRIS W. LEIGHTON :
IMPERIAL COLLEGE OF SCIENCE AND
TECHNOLOGY - ENGLAND
B. K. ATKINSON v
INDIANA STATE BOARD OF HEALTH
HAL 5. STOCKS
INSTITUY FUR TIEFLAGERUNG - W. GERMANY
WERNT BREWITZ
KLAUS KUHN
£.R. SOLTER
INSTITUTE FOR CHEMICAL TECHNOLOGY - W.
GERMANY
REINHARD ODO)



INSTITUTE OF GEOLOGICAL SCIENCES -
ENGLAND
STEPHEN THOMAS HORSEMAN
INSTITUTE OF PLASMA PHYSICS
H. AMANO
INTER/FACE ASSOCIATES INC
RON GINGERICH
INVERA ENVIRONMENTAL CONSULTANTS INC
F.J. PEARSON, IR.
LARRY RICKERTSEN
ROBERT WILEMS
INTERMOUNTAIN RADIO NETWORK
FRED SCHMAUCK
INTERNATIONAL ATOMIC ENERGY AGENCY -
AUSTRIA
FRANK A. OHARA
INTERNATIONAL ENERGY ASSOCIATES LTD
BLYTHE K. LYONS
INTERNATIONAL ENGINEERING COMPANY
INC
MAX ZASLAWSKY
INTERNATIONAL RESEARCH AND
EVALUATION
R. DANFORD
INTERNATIONAL SALY COMPANY
LEWIS P. BUSH
JOHN VOIGT
1OWA STATE UNIVERSITY
MARTIN C. EDELSON
BERNARD [, SPINRAD
IRT CORP
). STOKES
1SMES - ITALY
F. GERA
IT CORP
MORRIS BALDERMAN
ITASCA CONSULTING GROUP, INC.
ROGER HART
JACKSON METROPOLITAN LIBRARY
JACKSON STATE UNIVERSITY
ESTUS SMITH
JACKSON-GEORGE REGIONAL LIBRARY
JACOBY & COMPANY
CHARLES H. JACOBY
JAY L. SMITH COMPANY INC
JAY L. SMITH
JGC CORPORATION - JAPAN
MASAHIKO MAKINO
JOHNS HOPKINS UNIVERSITY
JARED L. COHON
JOINT STUDY COMMITTEE ON ENERGY
1. W. EDWARDS, JR.
JONES COUNTY JUNIOR COLLEGE unm\nv .
KASER ENGINEERS INC
W. J. DODSON
H. L. JULIEN
KALAMAZOO COLLEGE
RALPH M, DEAL
KALL RADIO
FRED SCOTT '
KANSAS DEPT OF HEALTH AND ' -
ENVIRONMENT
GERALD W. ALLEN
KARNBRANSLESAKERHET - SWEDEN
LARS B. NILSSON
KCPX RADIO
JOE LEE
KELLER WREATH Assocmzs
FRANK WREATH
KERNFORSCHUNGSZENTRUM KARLSRUHE
GMBH - W. GERMANY
K. D. CLOSS
R. KOESTER
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KIERSCH ASSOCIATES
GEOSCIENCES/RESOURCES CONSULTANTS
INC

GEORGE A, KIERSCH PHD,

KIHN ASSOCIATES

HARRY KIHN
KILLGORES INC

CHARLES KILLGORE
KLM ENGINEERING INC

B. GEORGE KNIAZEWYCZ

KOREA INSTITUTE OF ENERGY AND

RESOURCES (KIER)
CHOO SEUNG HWAN
CHONG SU KIM

Qi

KREX-TV

TOM LUNDSTRUM
KRSP RADIO

DAN BAMMES
KSL-TV

P.O. BOX 5555
KSOP RADIO

DICK JACOBSEN
KSTR

ROBERT COLLINS
KURA

LESLIE COLE
KUTA RADIO
KUTV-TV

ROD DECKER
KUTZ-TV NEWSWATCH 2

MICHAEL GOLDFEIN
KYOTO UNIVERSITY - JAPAN

YORITERU INOUE

LAKE SUPERIOR REGION RADIOACTIVE

WASTE PROJECT
C. DIXON
LAWRENCE BERKELEY LABORATORY
JOHN A, APPS
EUGENE BINNALL
M.S.KING -
1. WANG
LAWRENCE 2IVERMORE NATIONAl
LABORATORY
DAE H, CHUNG
EDNA M. DIDWELL
THOMAS E. MCKONE
LAWRENCE D. RAMSPOTT (2)
TECHNICAL INFORMATION DEPARTMENT
L-53
WASTE PACKAGE TASK LIBRARY
LEAGUE OF WOMEN VOTERS OF UTAH
PAULA MADSEN
LIBRARY OF MICHIGAN
RICHARD J. HATHAWAY
LOCKHEED ENGINEERING & MANAGEMENT
COMPANY

STEVE NACHT

LOS ALAMOS NATIONAL LABORATORY
P. L. BUSSOLINI - :
WAYNE R. HANSEN
W. C. MYERS
K. K. S. PILLAY
ROBERT E. RIECKER

LOS ALAMOS TECHNICAL ASSOCIATES INC
R. J. KINGSBURY

LOUISIANA DEPT OF NATURAL RESOURCES
B. JIM PORTER

LOUISIANA DEPT OF TRANSPORTATION &

DEVELOPMENT
GEORGE H. CRAMER, il
LOUISIANA GEOLOGICAL SURVEY
PEGGY ROONEY AUTIN

RENWICK P. DEVILLE
CHARLES G. GROAT
SYED HAQUE
LOUISIANA GOVERNORS OFFICE
DENNIS DAUGHERTY
LOUISIANA STATE UNIVERSITY
JEFFREY S, HANOR
HMMIE H. HOOVER
JOSEPH DIDIER MARTINEZ
LOUISIANA TECHNICAL UNIVERSITY
LIBRARY
R. H. THOMPSON
LOWENBERG ASSOCIATES
HOMER LOWENBERG
LUBBOCK COUNTY SOIL AND WATER
CONSERVATION DISTRICT
DON LANGSTON
LYLE FRANCIS MINING COMPANY
LYLE FRANCIS
MAINE BUREAU OF HEALTH
DONALD C. HOXIE
MARTIN MARIETTA AEROSPACE - DENVER
DIVISION
RICHARD BISSEGGER
MARYLAND DEPT OF HEALTH & MENTAL
HYGIENE
MAX EISENBERG
MASSACHUSETTS DEPT OF ENVIRONMENTAL
QUALITY ENGINEERING
JOSEPH A, SINNOTT
MASSACHUSETTS HOUSE OF
REPRESENTATIVES
WILLIAM ROBINSON
MASSACHUSETTS INSTITUTE OF
TECHNOLOGY
JOHN DEUTCH
MARSHA LEVINE
i DANIEL METLAY
MCDERMOTT INTERNATIONAL
KAREN L. FURLOW
MCMASTER UNIVERSITY - CANADA
L. W, SHEMILT
MELLEN GEOLOGICAL ASSOCIATES INC
FREDER!IC F. MELLEN
MEMBERS OF THE GENERAL PUBLIC
L. ROBERT ANDERSON
SEN. DOUGLAS ANDERSON
WAYNE BALL
KURT BALLING
GEORGE H. BARRY
BRUCE BERGER
PAT BILLING
BRET BLOSSER
RICHARD E. BLUBAUGH
HAROLD BOWEN, $R.
JAMES BOYD :
THOMAS G. BRADFORD

ROGER H. BROOKS ' "

CHRISTINE BROWN

BRUCE A. BYERS

VERD BYRNES

HAZEL CHAPMAN, PH.D.
LAWRENCE CHASE, PH.D,
TOM & SUSAN CLAWSON
STEVE CONEWAY

M CONKWRIGHT
MARSHALL CROMWELL

M. VAL DALTON

UHL DALTON

JOANN TEMPLE DENNETT
KENNETH & ALICE M. DROGIN -
ROBERT DUDEK

TIM DULL

Sy v 4
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CHAPRLES S. DUNN
JEAN EARDLEY
THAUMAS P. EHR
WARREN EISTER
THOMAS F. ENGELHARDT
MICHAEL A, FATLA
ART FORAN

BRUCE GABOW

CARL A. GIESE
SHIRLEY M. GIFFORD
MICHAEL J. GILBERT
STEVE & SUE GILSDORF
DARYL GLAMANN
JUDY C. GOETTE
HARRY D, GOODE
OSWALD H, GREAGER
DOUGLAS H. GREENLEE
KENNETH GUSCOTT
WILLIAM R. HAASE

A. M. HALE
DOROTHY L. HARDING
MICHAEL T. HARRIS
RONALD ). HARVEY
MARION HAZELTON
BENJAMIN K. HESS
MARGARET L. HOPKIN
ARLIE HOWELL
CHARLES B. HUNT
DAVID W. JOHNSON
KENNETH S. JOHNSON
CRAIG W. JONES
JOSEPH KEYSER

JOE D. KINGSLEY
DUANE LAMMERS
THOMAS H, LANGEVIN
LINDA LEHMAN
FRANCIS MAY &

W. D. MCDOUGALD
MAX MCDOWELL

JEFF MEADOWS
CALVIN MEANS

A. ALAN MOGHISS)
BARBARA MORRA
THEA NORDLING
CAROLINE PETTI
SHAILER 5. PHILBRICK
MARK & JUNE POPE
RUS PURCELL

MARTIN RATHKE

REP. C. HARDY REDD
WYMANH.REDD
TOM & MARY REES
ERIC ROBINSON
CLARENCE ROGERS
BRUCE F. RUEGER
PETER ). SABATINI, JR.
JOANNE SAVOIE
OWEN SEVERANCE
RALPH SEVERANCE
LEWIS K. SHUMWAY
DANIEL W, SHUPE
HARRY W. SMEDES
NORMAN C. SMITH
PATRICIA SNYDER

P. E. STRALEY-GREGA
MARGUERITE SWEENEY
JOEL SWISHER

M. J. SZULINSKI
RAYMOND G. TAYLOR
DIANE TIBBITTS

* MARK UDALL

W. VON BLACK
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GARY WAGNER
BILL WALSH
MARTIN & ELAINE WALTER
A. E. WASSERBACH
JIMMY L. WHITE
HELEN SUE WHITNEY
TIM WILHELM
RICHARD ). WILLIS
LINDA WITTKOPF
 DONOVAN L. WOODARD
SUSAN WOOLLEY
STEPHEN G. ZEMBA
MERRIMAN AND BARBER CONSULTING
ENGINEERS INC
GENE R, BARBER
MESA COUNTY PUBLIC LIBRARY
GEORGE VAN CAMP
MICHAEL BAKER, JR. INC
C.J. TOUHILL
MICHIGAN DEPT OF NATURAL RESOURCES
DANE, REED
R. THOMAS SEGALL
MICHIGAN DEPY OF PUBLIC HEALTH
GEORGE W. BRUCHMANN
ERIC SCHWING
MICHIGAN ENVIRONMENTAL COUNCIL
ROOM 305
MICHIGAN ENVIRONMENTAL PROTECTION
COMMITTEE a
DAVE CHAPMAN
MICHIGAN PUBLIC SERVICE COMMISSION
RON CALLEN
MICHIGAN STATE UNIVERSITY
WILLIAM C. TAYLOR
MINERALS WEST INC
STEVE NIELSON
MINNESOTA DEPT OF ENERGY AND
DEVELOPMENT .
MINNESOTA DEPT OF HEALTH
ALICE T. DOLEZAL HENNIGAN
MINNESOTA ENVIRONMENTAL QUALITY
BOARD
RICHARD PATON
MINNESOTA GEOLOGICAL SURVEY
MATT S, WALTON
MINNESOTA GOVERNORS TASK FORCE ON
HIGH-LEVSL RADIOACTIVE WASTE
MINNESOTA STATE SENATE
CONRAD VEGA
MISSISSIPPI ATTORNEY GENERALS OFFICE
MACK CAMERON
MISSISSIPPI BUREAU OF GEOLOGY
MICHAEL B. E. BOGRAD
MISSISSIPPE CITIZENS AGAINST NUCLEAR
DISPOSAL
STANLEY DEAN FLINT
MISSISSIPPI DEPT OF ENERGY AND
TRANSPORTATION
RONALD J. FORSYTHE (3)
MISSISSIPP) DEPT OF NATURAL RESOURCES
ALVIN R. BICKER, JR.
CHARLES L. BLALOCK
CURTIS W. STOVER
MISSISSIPPI DEPT OF WILDLIFE
CONSERVATION
KENNETH L. GORDON
MISSISSIPPI EMERGENCY MANAGEMENT
AGENCY
JAMES E. MAHER
MISSISSIPPI HOPUSE OF REPRESENTATIVES
MACK MCINNIS
MISSISSIPPI LIBRARY COMMISSION
SARA TUBB

MISSISSIPPt MINERAL RESOURCES INSTITUTE
MISSISSIPPI POWER & LIGHT
ROBERT SHADDIX
MISSISSIPPI STATE BOARD OF HEALTH
EDDIE S, FUENTE i
GUY R. WILSON .
MISSISSIPPI STATE HOUSE OF
REPRESENTATIVES i
TERRELL BRELAND :
E. FRED DOBBINS
HILLMAN TEROME FRAZIER
JERRY OKEEFE
MISSISSIPP} SYATE SENATE
MARTIN T. SMITH
THEODORE SMITH
MISSISSIPPI STATE UNIVERSITY
TROY J. LASWELL
VICTOR L, ZITTA .
MISSISSIPPIANS AGAINST DISPOSAL
ALICIA D, FERGUSON
MITRE CORP
LESTER A, EVTLINGER
MITSUBISHI METAL CORP
TATSUO ARIMA
MOAB NUCLEAR WASTE INFORMATION
OFFICE
MICHAELENE PENDLETON (2)
MOAB TIMES-INDEPENDENT
SAMUEL ). TAYLOR
MONTANA BUREAU OF MINES AND
GEOLOGY
EDWARD €, BINGLER
MONTICELLO HIGH SCHOOL LIBRARY
MEDIA CENTER
MONTICELLO NUCLEAR WASTE
INFORMATION OFFICE
CARL EISEMANN (2)
MORRISON-KNUDSEN COMPANY INC
SERGI KAMINSKY
STEPHANIE NICHOLS
MICHELLE L. PAURLEY
RAM S. RAMA
MURPHY O1L USA INC
RANDALL L. MAUD
NAGRA - SWITZERLAND v
HANS ISSLER
NATIONAL ACADEMY OF SCIENCES
JOHN T. HOLLOWAY
NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION -
MICHAEL R. HELFERT
MICHAEL ZOLENSKY
NATIONAL HYDROLOGY RESEARCH
INSTITUTE - CANADA
DENNIS J. BOTTOMLEY
K. U. WEYER
NATIONAL PARK SERVICE
DONALD F, GILLESPIE
CECIL D. LEWIS. JR.
NATIONAL PARK SERVICE PLANNING &
RESOURCE PRESERVATION .
RICHARD A. STRAIT (3)
NATIONAL PARKS & CONSERVATION
ASSOCIATION '
_ T. DESTRY JARVIS
" TERRI MARTIN

" NATIONAL SCIENCE FOUNDATION

ROYAL E. ROSTENBACH . ;
NAVAL WEAPONS STATION EARLE
GENNARO MELLIS - <;- v, - .
NEVADA OFFICE OF COMMUNITY SERVICES
1. HAWKE :



NEW ENGLAND NUCLEAR CORP
KERRY BENNERT
CHARLES B. KILLIAN
NEW JERSEY INSTITUTE OF TECHNOLOGY
BEN STEVENSON s
NEW MEXICO BUREAU OF MINES AND
MINERAL RESOURCES
FRANK E. KOTTLOWSK!
NEW MEXICO ENVIRONMENTAL EVALUATION
GROUP
ROBERT H. NEILL
NEW MEXICO INSTITUE OF MINING
JOHN L. WILSON
NEW YORK DEPT OF HEALTH
DAVID AXELROD, M.D,
NEW YORK ENERGY RESEARCH &
DEVELOPMENT AUTHORITY
JOHN P, SPATH (8)
NEW YORK GEOLOGICAL SURVEY
ROBERT H. FAKUNDINY
NEW YORK LEGISLATIVE COMMISSION ON
SCIENCE & TECHNOLOGY
JAMES T. MCFARLAND
NEW YORK STATE ASSEMBLY
MAURICE D. HINCHEY
ANGELO ORAZIO :
NEW YORK STATE ATTORNEY GENERALS
OFFICE
EZRA L BIALK
NEW YORK STATE ENERGY RESEARCH AND
DEVELOPMENT AUTHORITY
JOHN C. DEMPSEY
NEW YORK STATE GEOLOGICAL SURVEY
JAMES R. ALBANESE
NEW YORK STATE HEALTH DEPT
JOHN MATUSZEK
NEW YORK STATE PUBLIC SERVICE
COMMISSION
FRED HAAG
NEW YORK STATE SENATE RESEARCH SERVICE
DAVID WHITEHEAD
NORTH CAROLINA STATE SENATE
). R. ALLSBROOK
NORTH CAROLINA STATE UNIVERSITY;;
M. KIMBERLEY
NORTH DAKOTA STATE UNIVERSITY
JOHN M. HALSTEAD
NORTH ILLINO1S UNIVERSITY
B. VON ZELLEN
NORTHEAST OHIO FOUR COUNTY REGIONAL
PLANNING & DEVELOPMENT
ORGANIZATION
JOHN C. PIERSON
NORTHEAST UTILITIES SERVICE COMPANY
PATRICIA ANN OCONNELL
NORTHWESTERN UNIVERSITY
BERNARD J. WOOD
NTR GOVERNMENT SERVICES
THOMAS V. REYNOLDS
NUCLEAR ASSURANCE CORP
JOHN V. HOUSTON
JEAN RION
NUCLEAR ENERGY AGENCY/OECD - FRANCE
ANTHONY MULLER
NUCLEAR SAFETY RESEARCH ASSOCIATION
1ZUM! KURIHARA ,
NUCLEAR SYSTEMS ASSOCIATES INC
CHARLES J. DIVONA
NUCLEAR WASTE WATCHERS
HELEN LETARTE
NUS CORP
W. G. BELTER
RODNEY J. DAVIS

145

N. BARRIE MCLEOD
BARRY N. NAFT
DOUGLAS D. ORVIS
YONG M. PARK
NUTECH ENGINEERS INC
GARRISON KOST
NWT CORP
W. L. PEARL
OAK RIDGE NATIONAL LABORATORY
). O. BLOMEKE
H. C. CLAIBORNE
ALLEN G. CROFF
LESLIE R. DOLE
CATHY S, FORE
C. A. JOHNSON
DAVID C. KOCHER
E. M. OBLOW
E. B. PEELLE
ELLEN D. {MITH
OFFICE OF ENVIORMENTAL AFFAIRS
L. HALL BOHLINGER (3)
OFFICE OF PLANNING & BUDGET
CONNIE CRANDELL
JUDITH HINCHMAN (10)
OHIO DEPT OF HEALTH
ROBERT M. QUILLIN
OKLAHOMA STATE DEPT OF HEALTH
R. L. CRAIG
ONTARIO HYDRO - CANADA
R. W. BARNES
}. A. CHADHA
K. A. CORNELL
C.F. LEE
ONTARIO MINISTRY OF THE ENVIRONMENT -
CANADA
 JAAK VIIRLAND
ORANGE COUNTY COMMUNITY COLLEGE
LAWRENCE E. OBRIEN
OREGON STATE UNIVERSITY
JOHN C. RINGLE
ORGANISATION FOR ECONOMIC
COOPERATION AND DEVELOPMENT -
FRANCE
PETER D. JOHNSTON
OTHA INC
JOSEPH A. LIEBERMAN
P.O.W.ER.
RALPH DILLER
TiM REVELL
PACIFIC NORTHWEST LABORATORY
DON J. BRADLEY
H. C. BURKHOLDER
JOHN B. BURNHAM
T.D. CHIKALLA
L. L. CLARK
HARVEY DOVE
FLOYD N. HODGES
J. H. JARRETT
CHARLES T. KINCAID
MAX R. KREITER
ROBERT MCCALLUM
J. E. MENDEL
J. M. RUSIN
R. JEFF SERNE
RICHARD STRICKERT
CARL UNRUH
PARSONS BRINCKERHOFF QUADE &
DOUGLAS INC
T. R. KUESEL
ROBERT PRIETO
MARK E. STEINER o

PARSONS-REDPATH
BRUNO LORAN
KRISHNA SHRIVASTAVA
GLEN A. STAFFORD
PB-KBB INC
JUDITH G. HACKNEY
PENBERTHY ELECTROMELT INTERNATIONAL
INC
LARRY PENBERTHY
PENNSYLVANIA HOUSE OF REPRESENTATIVES
JAMES MANDERINO
PENNSYLVANIA STATE UNIVERSITY
MARY BARNES
MICHAEL GRUTZECK
DELLA M. ROY
WILLIAM B, WHITE
PERMIAN BASIN REGIONAL PLANNING
COMMISSION
E. W. CRAWFORD
PERRY COUNTY
W. F. BOWEN
PERRY COUNTY BOARD OF SUPERVISORS
PAUL D. JOHNSTON, SR,
PERRY COUNTY CITIZENS AGAINST NUCLEAR
WASTE DISPOSAL
MRS, DURLEY HANSON
WARREN STRICKLAND
PETTIS WALLEY
PERRY COUNTY SCHOOLS
MANIEL A, COCHRAN
PHILADELPHIA ELECTRIC COMPANY
JOHN ). TUCKER
PHYSIKALISCH-TECHNISCHE BUNDESANSTALT
- W. GERMANY
PETER BRENNECKE
HORST SCHNEIDER
PINE FOREST REGIONAL LIBRARY
PIRGIM
RICHARD LEVICK
POBERESKININC,
MEYER POBERESKIN
POINT BEACH NUCLEAR PLANT
JAMES J. ZACH
PORTLAND GENERAL ELECTRIC
). W. LENTSCH
PRESEARCH INC
RHONNIE L. SMITH
PRESQUE ISLE COURTHOUSE
PSE&G
JOHN J. MOLNER
PUBLIC LAW UTILITIES GROUP
" DORIS FALKENHEINER
PUBLIC SERVICE INDIANA
ROBERT 5. WEGENG
PURDUE UNIVERSITY
PAUL S. LYKOUDIS
RALPH M, PARSONS COMPANY
JERROLD A. HAGEL
RANDALL COUNTY LIBRARY
RE/SPEC INC
GARY D. CALLAHAN
PAULF.GNIRK
WILLIAM C. MCCLAIN
RED ROCK 4-WHEELERS g
GEORGE SCHULTZ
REDDS CORP
‘ MARK LEAVITT
RESOURCE SYSTEMS INSTITUTE
KIRK R. SMITH
RHOADS MEMORIAL LIBRARY »
RHODE ISLAND GOVERNORS ENERGY OFFICE
BRUCEVILD : ’
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RHODE ISLAND GOVERNORS OFFICE
JOHN A, IVEY
RICHTON CITY HALL
R. RAHAIM
RIO ALGOM CORP
DUANE MATLOCK
ROCKWELL HANFORD OPERATIONS
RONALD C. ARNETT
JAMES L, ASH
HARRY BABAD
R. ). GIMERA
KARL M. LA RUE
MICHAEL ). SMITH
RICHARD ¥, WILDE
ROCKWELL INTERNATIONAL ENERGY SYSTEMS
GROUP
HARRY PEARLMAN
LAWRENCE J. SMITH
ROGERS & ASSOCIATES ENGINEERING CORP
ARTHUR A, SUTHERLAND
ROGERS, GOLDEN & HALPERN
JACK A, HALPERN
ROY F. WESTON INC
MARTIN HANSON
DAVID HART
WILLIAM IVES
RONALD MACDONALD
MICHAEL V. MELLINGER
JILL RUSPI
DOUGLAS W. TONKAY
LAWRENCE A. WHITE
ROYAL INSTITUTE OF TECHNOLOGY -
SWEDEN
ROGER THUNVIK
RPC INC
JAMES VANCE
S.E. LOGAN & ASSCCIATES INC
STANLEY £, LOGAN
S.M. STOLLER CORP
ROBERT W. KUPP B
SALT LAKE CITY PUBLIC LIBRARY
SALT LAKE CITY TRIBUNE
JIM WOOLF
SALT LAKE COUNTY LIBRARY SYSTEM
WHITMORE LIBRARY
SAN DIEGO GAS & ELECTRIC COMPANY
LOUIS BERNATH
SAN JUAN COUNTY COMMISSIONER
ROBERT LOW
SAN JUAN COUNTY LIBRARY
SAN JUAN COUNTY SHERIFF
S. RIGBY WRIGHT
SAN JUAN RECORD
JOYCE MARTIN
smou NATIONAL LABORATORIES
LIBRARY
G. C. ALLEN
KEN BEALL
SHARLA BERTRAM
MARGARET S, CHU
THOMAS O. HUNTER
). KEITH JOHNSTONE
A. R. LAPPIN
R. W. LYNCH
RUDOLPH V. MATALUCCI
MARTIN A. MOLECKE
JAMES T. NEAL
NESTOR R. ORTIZ
SCOTT SINNOCK
. A W.SNYDER
. LYNND.TYLER
WENDELL D. WEART
WIPP CENTRAL FILES .,

Su
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SARGENT & LUNDY ENGINEERS
LAWRENCE L. HOLISH

SAVANNARH RIVER LABORATORY

CAROL JANTZEN
WILLIAM R. MCDONELL
DONALD ORTH
SCANDPOWER INC
DAN POMEROY
SCIAKY BROTHERS
JOHN C. JASPER
SCIENCE APPLICATIONS INC
JEFFREY ARBITAL
JERRY J, COHEN
NADIA DAYEM
BARRY DIAL
JAMES E, HAMMELMAN
DEAN C. KAUL
DAVID H. LESTER
PETER E. MCGRATH
JOHN E. MOSIER
HOWARD PRATT
MICHAEL E. SPAETH
M. D. VOEGELE
KRISHAN K. WAHI
ROBERT A. YODER
SENATE RESEARCH SERVICE
DAVID WHITEHEAD o
SENECA COUNTY DEPT OF PLANNING &
DEVELOPMENT
SERATA GEOMECHANICS INC
FRANK TSAJ
SERIOUS TEXANS AGAINST NUCLEAR
DISPOSAL (5.T.A.N.D)
DELBERT DEVIN
SHANNON & WILSON INC
HARVEY W. PARKER
SHIMIZU CONSTRUCTION COMPANY LTD
JUNJI TAKAG!
SHIMIZU CONSTRUCTION COMPANY LTD -
JAPAN i
TAKASHI ISHII j
SIERRA CLUB !
MARVIN RESNIKOFF
BROOKS YEAGER =y
SIERRA CLUB - COLORADO OPEN SPACE
COUNCIL
ROY YOUNG
SIERRA CLUB - MISSISSIPPI CHAPTER
SIERRA CLUB LEGAL DEFENSE FUND
H. ANTHONY RUCHEL
SLICKROCK COUNTRY COUNCIL
LUCY K. WALLINGEORD
SOCIETY OF PROFESSIONAL ARCHEOLOGISTS
L. M. PIERSON
SOGO TECHNOLOGY INC
TIO C. CHEN
SOKAOGON CHIPPEWA COMMUNITY
ARLYN ACKLEY.
SOUTH DAKOTA GEOLOGICAL sunvtv
RICHARD BRETZ
SOUTH DAKOTA OFFICE OF ENERGY FOLICY
STEVEN M. WEGMAN-
SOUTH DAKOTA SCHOOL OF MINES AND
TECHNOLOGY ,
CANER ZANBAK
SOUTH SALT LAKE LIBRARY

SOUTHEASY UTAH ASSOCIATION bF

GOVERNMENTS
WILLIAM D. HOWELL
SOUTHERN GOVERNORS ASSOCIATION *
SOUTHERN LEGISLATIVE CONFERENCE

\i‘ " \7

SOUTHERN M/ ODIST UNIVERSITY
GEORGE V(I CRAWFORD
MELISSA DEBOWSKI

SOUTHERN STATES ENERGY BOARD
J. E. CLARK
NANCY KAISER

SOUTHERN UTAH RESIDENTS CONCERNED

ABOUT THE ENVIRONMENT

SOUTHERN UTAH STATE COLLEGE LIBRARY -
SOUTHWEST RESEARCH AND INFORMATION

CENTER
DON HANCOCK
ALISON P, MONROE
SPRINGVILLE CITY LIBRARY
SRI INTERNATIONAL (PS 285)
DIGBY MACDONALD
ST & E TECHNICAL SERVICES INC
STANLEY M. KLAINER
STANFORD UNIVERSITY
GEORGE A, PARKS
IRWIN REMSON
STATE FARM INSURANCE
JIM ENGLEBRIGHT
STATE UNIVERSITY OF NEW YORK AT
BINGHAMTON
FRANCIS T, WU
STATE WORKING GROUP
JOHN GERVERS
STAUFFER CHEMICAL COMPANY
RANDY L BASS.BASSETT
STEARNS-ROGER SERVICES INC
VERYL ESCHEN
STONE & WEBSTER ENGINEERING CORP
SUE NEWHAMS
ARLENE C, PORT
EVERETT M. WASHER
STUDSVIK ENERGITEKNIK AB - SWEDEN
ROLF S}OBLOM
SWANSON ENVIRONMENTAL INC
PETER G. COLLINS
SWEDISH GEOLOGICAL
LEIF CARLSSON
SWISHER COUNTY LIBRARY
SWISS FEDERAL OFFICE OF ENERGY
U. NIEDERER

SYRACUSE UNIVERSITY

WALTER MEYER

SYSTEMS SCIENCE AND SOFTWARE
PETER LAGUS

T.M. GATES INC

. TODD M. GATES . .

TECHNICAL INFORMATION PROJECT
DONALD PAY

TECHNICAL RESEARCH CENTRE OF FINLAND

SEPPO VUOR!

TECHNICAL SERVICES AND
INSTRUMENTATION INC

BURTON ANDREPONT
TEKNEKRON RESEARCH INC

DOUGLAS K, VOGT
TELEDYNE PIPE

TOBY A. MAPLES
TERRA TEK INC .

KHOSROW BAKHTAR
TERRA THERMA INC

ADRIAN BROWN

VTERRAFORM ENGINEERS INC

FRANCIS S. KENDORSK|
TEXAS A & M UNIVERSITY

P. DOMENICO

ROY W. HANN, JR.

EARL HOSKINS

STEVEMURDOCK

JAMES E. RUSSELL




TEXAS ATTORNEY GENERALS OFFICE
MICHAEL PLASTER

TEXAS BUREAU OF ECONOMIC GEOLOGY
WILLIAM L, FISHER il

TEXAS DEPT OF AGRICULTURE v
ROBERT ). KING

TEXAS DEPT OF HEALTH
DAVID K. iACKER

TEXAS DEPT OF WATER RESOURCES
ALFRED DAREZZO
W, KLEMT
T. KNOWIES

TEXAS ENERGY COORDINATORS OFFICE
ARNULFO ORTIZ

TEXAS GOVERNORS OFFICE
STEVE FRISHMAN
R. DANIEL SMITH

TEXAS STATE HOUSE OF REPRESENTATIVES
PETE LANEY
ELLEN SALYERS

 TEXAS WORLD OPERATIONS INC

DAVID JEFFERY
THE AEROSPACE CORP
KENNETH W. STEPHENS
THE ANALYTIC SCIENCES CORP
JOHN W. BARTLETT
CHARLES M, KNPLIK
THE BENHAM GROUP
KEN SENOUR
THE EARTH TECHNOLOGY CORP
FRED A. DONATH
JOSEPH G. GIBSON
FIA VITAR
MATT WERNER
KENNETH L. WILSON
TIMES-PICAYUNE
MARK SCHLEIFSTEIN
TIOGA COUNTY PLANNING BOARD
THOMAS A, COOKINGHAM
TRANSNUCLEAR INC
BILL R. TEER
TRINITY EPISCOPAL CHURCH
BENJAMIN F. BELL
TRU WASTE SYSTEMS OFFICE
K. V. GILBERT
TUN ISMAIL ATOMIC RESEARCH CENTRE
(PUSPATI)
SAMSURDIN BIN AHAMAD
TUSKEGEE INSTITUTE
IRA G. DILLON
U.H.D.E. - W. GERMANY
FRANK STEINBRUNN
U.S. ARMY CORPS OF ENGINEERS
ALAN BUCK
. BUREAU OF LAND MANAGEMENT
JIM BIGGINS
LYNN JACKSON
GENE NODINE
MARY PLUMB
EDWARD R. SCHERICK
GREGORY F. THAYN
. BUREAU OF MINES
ANTHONY JANNACCHIONE
. BUREAU OF RECLAMATION
CLIFFORD I. BARRETT
JOHN BROWN
AL R. JONEZ
REGE LEACH
. DEPT OF ENERGY
CHED BRADLEY
R. COOPERSTEIN
LAWRENCE H. HARMON
ROGER MAYES

u.
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CARL NEWTON
JAMES TURI
U.S. DEPT OF ENERGY - ALBUQUERQUE
OPERATIONS OFFICE
PHILIP LARRAGOSTE
JOSEPH M. MCGOUGH
DORNER T, SCHUELER
U.S. DEPT OF ENERGY - CHICAGO
OPERATIONS OFFICE ’
VICKI ALSPAUGH
NUREBULUT
GARY C. MARSHALL
C. MORRISON
CAROL MORRISON
PUBLIC READING ROOM
: R. SELBY
U.S. DEPT OF ENERGY - CRYSTALLINE ROCK
PROJECT OFFICE
SALLY A. MANN
U.S. DEPT OF ENERGY - DALLAS SUPPORT
OFFICE
CURTIS E. CARLSON, JR.
U.S. DEPT OF ENERGY - GEOLOGIC
REPOSITORY DIVISION
). W. BENNETT
C. R. COOLEY (2)
JIM FIORE
MARK W. FREI
RALPH STEIN
U.S. DEPT OF ENERGY - GRAND JUNCTION
OFFICE
WAYNE ROBERTS
U.S. DEPT OF ENERGY - HEADQUARTERS
PUBLIC READING ROOM
HENRY F. WALTER
U.S. DEPT OF ENERGY - IDAHO OPERATIONS
OFFICE
M. BARAINCA
JAMES F. LEONARD
PUBLIC READING ROOM'
J. H. SAKO
U.S. DEPT OF ENERGY - NEVADA OPERATIONS
OFFICE
PUBLIC READING ROOM
DONALD L. VIETH
U.S. DEPT OF ENERGY - NUCLEAR WASTE
POLICY ACT OFFICE

Y ROBERT M. ROSSELLI

JANIE SHAHEEN |
U.S. DEPT OF ENERGY - OAK RIDGE
OPERATIONS OFFICE
PUBLIC READING ROOM
U.S. DEPT OF ENERGY - OFFICE OF BASIC
ENERGY SCIENCES
MARK W. WITTELS
U.S. DEPT OF ENERGY - OFFICE OF ENERGY
RESEARCH
FRANK J. WOBBER
U.S. DEPT OF ENERGY - OFFICE OF PROJECT
AND FACILITIES MANAGEMENT
D. L. HARTMAN
U.S. DEPT OF ENERGY - OSTI (317)
U.S. DEPT OF ENERGY - REGION VIIf
SIGRID HIGDON.
U.S. DEPT OF ENERGY - RICHLAND -
OPERATIONS OFFICE
J. SCHREIBER :
U.S. DEPT OF ENERGY - SALT REPOSITORY
PROJECT OFFICE
). O. NEFF
U.S. DEPT OF ENERGY - SAN FRANCISCO
OPERATIONS OFFICE
ENLRGY RESOURCES CENTER
PUBLIC READING ROOM

U.S. DEPT OF ENERGY - SAVANNAH RIVER
OPERATIONS OFFICE
1. 8. HINDMAN
U.S. DEPT OF LABOR
ALEX G. SCIULLI
KELVIN K. WU
U.S. ENVIRONMENTAL PROTECTION AGENCY
DIVISION OF CRITERIA & STANDARDS
DAN EGAN
JAMES NEIHEISEL
U.S. ENVIRONMENTAL PROTECTION AGENCY
- DENVER REGION VE!I
PHIL NYBERG
U.S. FOREST SERVICE
JOSEPH E. CLAYTON
U.S. GENERAL ACCOUNTING OFFICE
WILLIAM DAVID BROOKS
U.S. GEOLOGICAL SURVEY
JACOS RUBIN
U.S. GEOLOGICAL SURVEY - ALEXANDRIA
G. N. RYALS
U.S. GEOLOGICAL SURVEY - BATON ROUGE
DARWIN KNOCHENMUS
U.S. GEOLOGICAL SURVEY - COLUMBUS
A. M. LA SALA, JR. ]
U.S. GEOLOGICAL SURVEY - DENVER
JESS M. CLEVELAND
JULES D. FRIEDMAN
ROBERT J. HITE
U.S. GEOLOGICAL SURVEY - JACKSON
ARALD G. PARKER, R.
U.S. GEOLOGICAL SURVEY - RESTON
NEIL PLUMMER
JOHN ROBERTSON
EDWIN ROEDDER
EUGENE H. ROSEBOOM, JR.
DAVID B, STEWART
NEWELL J. TRASK, |R.
U.S. HOUSE OF REPRESENTATIVES
‘8. JEANINE HULL
U.S. HOUSE SUBCOMMITTEE ON ENERGY AND
THE ENVIRONMENT
MORRIS K. UDALL
U.S. NATIONAL PARK SERVICE
THOMAS C. WYLIE
U.S. NUCLEAR REGULATORY COMMISSION
]. CALVIN BELOTE
LEON BERATAN
GEORGE BIRCHARD
R.BOYLE i
KIEN C. CHANG
EILEEN CHEN
PATRICIA A. COMELLA
ENRICO F. CONTI
f. ROBERT COOK
BARBARA A. COOKE
PAUL F. GOLDBERG
MICHAEL S, KEARNEY
KYO KIM
MALCOLM R, KNAPP
WILLIAM D. LILLEY
JOHN C. MCKINLEY
THOMAS }. NICHOLSON
NRC LIBRARY
LFSLIE PEETERS
LDWARD REGNIER
//R. JOHN STARMER
NANCY STILL
JOHN TRAPP
TILAK R. VERMA
MICHAEL WEBER
KRISTIN B. WESTBROOK
EVERETT A, WICK . 4
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UINTAH COUNTY LIBRARY UNIVERSITY OF OKLAHOMA UTAH DIVISION OF ENVIRONMENTAL .

UNION CARBIDECORP = - DANIEL . BOATRIGHT HEALTH
, GARY M. ANGELINO UNIVERSITY OF OTTAWA - CANADA DENNIS R, DALLEY
g JOHN D. SHERMAN - TARICER OREN MARV H. MAXELL
UNION OF CONCERNED scmmsrs UNIVERSITY OF PITTSBURGH UTAH DIVISION OF HISTORY
MICHAEL FADEN B.L. COHEN JIM DYKMAN
GORDON THOMPSON ; UNIVERSITY OF SOUTHERN MISSISSIPPI UTAH DIVISION OF OIL, GAS & MINING
UNION OIt. COMPANY OF CAUFORNIA CHARLES R. BRENT SALLY ). KEFER
_ BRAD GOVREAU FRED HOWELL : UTAH DIVISION OF PARKS & RECREATION
i UNITED KINGDOM DEPT OF THE JAMES W. PINSON ‘ JOHN KNUDSON
; ENVIRONMENT o DANIEL A. SUNDEEN GORDON W. TOPHAM
F.S. FEATES v GARY C. WILDMAN UTAH DIVISION OF STATE LANDS & FORESTRY
o H. ). RICHARDS UNIVERSITY OF SOUTHWESTERN LOUISIANA KARL KAPPE
UNITED PRESS INTERNATIONAL RICHARD U. BIRDSEYE , UTAH DIVISION OF WATER RESOURCES
" PETE GILLINS UNIVERSITY OF TEXAS [ BARRY C. SAUNDERS
: UNIVERSITY OF AKRON JOHN M. SHARP, JR. ‘- UTAH DIVISION OF WILDLIFE RESOURCES
. LORETTA J. COLE UNIVERSITY OF TEXAS AT AUSTIN DARRELL NISH
UNIVERSITY OF ARIZONA PAUL ANAEJIONU UTAH ENERGY OFFICE
JAAK DAEMEN BUREAU OF ECONOMIC GEOLOGY ROD MILLAR
JAMES G, MCCRAY , EARNEST F. GLOYNA UTAH ENVIRONMENTAL CENTER
ROY G. POST THOMAS C. GUSTAVSON JUNE WICKHAM
: UNIVERSITY OF CALIFORNIA AT BERKELEY MARTIN P. A, JACKSON UTAH GEOLOGICAL AND MINERAL SURVEY
L RICHARD E. GOODMAN : J DALE KLEIN GENEVIEVE ATWOOD
E TODD LAPORTE JOE O, LEDBETTER BILL LUND
; THOMAS H. PIGFORD DOUGLAS C. RATCLIFF MAGE YONETANI
UNIVERSITY OF CALIFORNIA AT LOS ANGELES THE GENERAL LIBRARIES UTAH GOVERNORS OFFICE
D. OKRENT E. G. WERMUND JULINE CHRISTOFFERSON (25)
KRIS PRESTON UNIVERSITY OF TEXAS AT SAN ANTONIO UTAH MULTIPLE USE ADVISORY COUNCIL
UNIVERSITY OF CALIFORNIA AT RIVERSIDE DONALD R. LEWIS DIXIE BARKER BARKSDALE
JONSTIERMAN .. UNIVERSITY OF TOKYO - JAPAN R. BRENT GRIGGS
UNVERSITY OF DELAWARE RYOHE! KIYOSE D. L. TAYLOR
FRANK A. KULACKI UNIVERSITY OF TORONTO - CANADA UTAH NUCLEAR STUDY SOCIETY ,
UNIVERSITY OF FLORIDA N. 5. BRAR DAVE CONINE
DAVID E. CLARK UNIVERSITY OF UTAH UTAH NUCLEAR WA5TE EDUCATION
0 DOLORES C. JENKINS JAMES W. BUNGER COMMITTEE
M. |. OHANIAN THURE CERLING DEV LANNER
UNIVERSITY OF HAWAII AT MANOA STEVEN J. MANNING UTAH OFFICE OF PLANNING & BUDGET
DAVID EPP MARRIOTT LIBRARY RANDY MOON
UNIVERSITY OF ILLINOIS AT URBANA - GARY M. SANDQUIST UTAH OFFICE OF THE GOVERNOR
CHAMPAIGN LEE STOKES ALENE BENTLEY
DANIEL F. HANG UNIVERSITY OF UTAH RESEARCH INSTITUTE UTAH POWER AND LIGHT COMPANY
MAGDI! RAGHE “ DUNCAN FOLEY VAL FINLAYSON
UNIVERSITY OF LOWELL UNIVERSITY OF WASHINGTON UTAH SOUTHEASTERN DISTRICT HEALTH
JAMES R. SHEFF s~ CHRISTOPHER j. EARLE DEPARTMENT
UNIVERSITY OF MARYLAND KAI N, LEE » . ROBERT L. FURLOW
FRANK J. MUNNO M. A. ROBKIN , UTAH STATE GEGLOGIC TASK FORCE
MARVIN ROUSH' UNIVERSITY OF WATERLOO » DAVID D, TILLSON
UNIVERSITY OF MASSACHUSETTS F. SYKES UTAH STATE GOVERNMENT
GEORGE MCGILL 3 UNIVERSITY OF WATERLOO - CANADA FRED NELSON
- UNIVERSITY OF MICHIGAN PETER FRITZ “ UTAH STATE PLANNING OFFICE
: WILLIAM KERR UNIVERSITY OF WISCONSIN AT MILWAUKEE KENT BRIGGS
UNIVERSITY OF MINNESOTA v HOWARD PINCUS | UTAH STATE SENATE
CHARLES FAIRHURST . UNIVERSITY OF WYOMING OMAR B. BUNNELL
{yDONALD GILLIS PETER HUNTOON ‘ UTAH STATE UNIVERSITY
: RAYMOND STERLING UPPER PEASE SOIL AND WATER DEPT OF GEOLOGY 07
UNIVERSITY OF MISSISSIPPI . CONSERVATION DISTRICT JGELE. FLETCHER
- " GEORGE D. BRUNTON W, H. MARSHALL MERRILL LIBRARY AND LEARNING
UNIVERSITY OF MISSOURI AT COLUMBIA URS-BERGER ‘ JACK T. SPENGE N
© W.D.KELLER o . TONY MORGAN JAMES STEVENS %
UNIVERSITY OF MISSOURI AT KANSAS CITY URS/JOHN A. BLUME & ASSOCIATES, UTAH WILDERNESS ASSOCIATION
s EDWIN D. GOEBEL ENGINEERS MIKE PALMER -~
KRR ©. SYED E. HASAN . ANDREW B, CUNNINGHAM , UTAHNS AGAINST THE DUMP coumon
% v UNIVERSITY OF MISSOURI AT ROLLA " USAID/CAIRO EQVPT P . UTILITY DATA INSTITUTE
- "ALLEN W. HATHEWAY . : DAVID SNOW FRED YOST . .
ARVIND KUMAR UTAH DEPT OF NATURAL RESOURCES & VANDERBILT UNIVERSITY ; -
©: " NICK TSOULFANIDIS , ENERGY s FRANK L, PARKER
~ UNIVERSITY OF NEW MEXICO . - " HAROLD D. DONALDSON VERMONT DEPT OF WATER RESOURCES AND 4
"*" 'HAROLD M. ANDERSON ) ~ MARK A. PAGE . ENVIRONMENTAL ENGINEERING -
" DOUGLAS G. BROOKINS . - . - UTAH DEPT OF TRANSPORTATION : CHARLES A. RATTE
RODNEY C: EWING - " , DAVID LLOYD . VERMONT STATE NUCLEAR ADVlSORY PANEL .
UNIVERSITY.OF NEWCAS’ME UPON TYNE- MARK MUSURIS : S " VIRGINIA CALLAN
CENGLAND <07 % RN .+~ DELOYK. PETERSON ; VERMONT STATE SENATE
w. FARMER : R . '

JOHN HOWLAND
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VIRGINIA DEPT OF HEALTH
WILLIAM F. GILLEY
ROBERT G. WICKLINE
VIRGINIA DIVISION OF MINERAL RESOURCES
ROBERT C. MILICH
VIRGINIA HOUSE OF DELEGATES
A. VICTOR THOMAS
VIRGINIA POLYTECHNICAL INSTITUTE AND
STATE UNIVERSITY
GARY L. DOWNEY
WASATCH NATIONAL FOREST
ART CARROLL
WASHINGTCN DEPT OF SOCIAL AND HEALTH
SERVICES
T. STRONG
WASHINGTON HOUSE OF REPRESENTATIVES
RAY ISAACSON
WASHINGTON STATE DEPT OF ECOLOGY
DAVID W. STEVENS
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WATTLAB
80B E. WATT
WEBSTER PARISH LIBRARY
WEST VALLEY NUCLEAR SERVICES COMPANY
INC
CHRIS CHAPMAN
ERICH }. MAYER
WESTERN MICHIGAN UNIVERSITY
! ROBERT KAUFMAN
WESTERN STATE COLLEGE
FRED R. PECK
WESTINGHOUSE ELECTRIC CORP
GEORGE V. B, HALL
JAMES H. SALING
JAMES R, SCHORNHOUST
WILLIAMS AND ASSOCIATES INC
GERRY WINTER
WIPP PROJECT
WESTINGHOUSE ELECTRIC
CORPORATION

WISCONSIN DIVISION OF SYATE ENERGY
ROBERT HALSTEAD
WOODS ROBERTSON ASSOCIATES - CANADA
WOODWARD-CLYDE CONSULTANTS
F. R. CONWELL (2)
TERRY A, GRANT
ASHOK PATWARDHAN
WESTERN REGION LIBRARY
WRIGHT STATE UNIVERSITY
MICHAEL FARRELL
WYOMING GEOLOGICAL SURVEY
JAMES C. CASE
YALE UNIVERSITY
G. R. HOLEMAN
BRIAN SKINNER
LOUISA WILCOX
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